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FIELD OF THE INVENTION 

The present invention relates to a novel method of designing a- 
amylase mutants with predetermined properties, which method is 
5 based on the hitherto unknown three-dimensional structure of 
bacterial a-amylases . 

BACKGROUND OF THE INVENTION 

10 a-Amylases (a-1,4 glucan-4-glucanohydrolase, EC 3,2.1.1) 
constitute a group of enzymes which is capable of hydrolyzing 
starch and other linear and branched 1 , 4-glucosidic oligo- and 
polysaccharides. Almost all a-amylases studied have a few 
conserved regions with approximately the same length and 

15 spacing. One of these regions resembles the Ca2+ binding site 
of calmodulin and the others are thought to be necessary for 
the active centre and/or binding the substrate. 

While the amino acid sequence and thus primary structure of a 
20 large number of a-amylases are known, it has proved very 
difficult to determine the three-dimensional structure of all 
a-amylases. The three-dimensional structure can be determined 
by X-ray crystallographic analysis of a-amylase crystals, but 
it has proven difficult to obtain a-amylase crystals suitable 
25 for actually solving the structure. 

Until now the three-dimensional structure of only a few 
a-amylases have been determined at high resolution. These 
include the structure of the Aspergillus oryzae TAKA a-amylase 

30 (Swift et al., 1991), the Aspergillus niger acid amylase (Brady 
et al, 1991) , the structure of pig pancreatic a-amylase (Qian 
et al., 1993), and the barley alpha-amylase (Kadziola et al. 
1994, Journal of Molecular Biology 239: 104-121, A. Kadziola, 
Thesis, Dept of Chemistry, U. of Copenhagen, Denmark) . 

35 Furthermore, the three-dimensional structure of a Bacillus 
circulans cyclodextrin glycosyltransf erase (CGTase) is known 
(Klein et al., 1992) (Lawson et al., 1994). The CGTase catalyze 
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the the same type of reactions as a-amylases and exhibits some 
structural resemblance with a-amylases. 

Furthermore, crystallization and preliminary X-ray studies of 
5 B. subtills a-amylases have been described (Chang et al. (1992) 
and Mizuno et al. (1993)), No final B. subtilis structure has 
been reported. Analogously, the preparation of B. lichenif ormis 
a-amylase crystals has been reported (Suzuki et al. (1990) , but 
no subsec[uent report on X-ray crystallographic analysis or 
10 three-dimensional structure are available. 

Several research teams have attempted to build 
three-dimensional structures on the basis of the above known 
a-amylase structures. For instance, Vihinen et al. (J. Biochem. 

15 107, 267-272, 1990), disclose the modelling (or computer 
simulation) of a three-dimensional structure of the Bacillus 
stearothermophilus a-amylase on the basis of the TAKA amylase 
structure. The model was used to investigate hypothetical 
structural consequences of various site-directed mutations of 

20 the B. stearothermophilus a-amylase. .E,A. MacGregor (1987) 
predicts the presence of a-helices and ^-barrels in a-amylases 
from different sources, including barley, pig pancreas and 
Bacillus amyloliquef aciens on the basis of the known structure 
of the A. oryzae TAKA a-amylase and secondary structure 

25 predicting algorithms. Furthermore, the possible loops and 
subsites which may be found to be present in, e.g., the B. 
amyloliquef aciens a-amylase (based on a comparison with the A. 
oryzae sequence and structure) . 

30 A.E. MacGregor (Starch/ Starke 45 (1993), No. 7, p. 232-237) 
presents a review of the relationship between the structure and 
activity of a-amylase related enzymes. 

Hitherto, no three-dimensional structure has been available for 
35 the industrial important Bacillus a-amylases, including the B. 
lichenif ormis, the B. amyloliquef aciens, and the B. 
stearothermophilus a-amylase. 



V. 
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DISCLOSURE OF THE INVENTION 

The three-dimesional structure of a bacterial a-amylase has now 
been elucidated. On the basis of a comparison between this 
5 structure and the known structures of the fungal and mammalian 
a-amylases mentioned above it has been found that some 
similarities exist between the structures, but also that some 
striking, and quite unexpected, not previously predicted 
structural differences between the a-amylases exist. The 
10 present invention is based on this finding. 

In a first aspect the present invention relates to a method of 
constructing a variant of a parent Termamyl-like a-amylase, 
which variant has a-amylase activity and one or more altered 
15 properties as compared to said parent a-amylase, which method 
comprises 

i) comparing the three-dimensional structure of the Termamyl- 
like a-amylase with the structure of a non-Termamyl-like a- 
amylase, 

20 ii) identifying a part of the Termamyl-like a-amylase structure 
which is different from the non-Termamyl-like a-amylase 
structure , and 

iii) modifying the part of the Termamyl-like a-amylase 
identified in ii) whereby a Termamyl-like a-amylase variant is 
25 obtained, one or more properties of which differ from the 
parent Termamyl-like a-amylase. 

The Termamyl-like g-amvlase 

30 In the present context the term "Termamyl-like a-amylase" is 
intended to indicate an a-amylase which exhibits a high 
homology to the B. lichenformis a-amylase, commercially 
available as Termamyl®, or any other a-amylase exhibiting a 
substantial homology to said amylase. More specifically, it is 

35 well known that a number of alpha-amylases produced by Bacillus 
spp. are highly homologous on the amino acid level. For 
instance, the B. lichBniformis a-amylase comprising the amino 
acid sequence shown in SEQ ID No. 2 has been found to be about 
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89% homologous with the B. amyloliquBfaciens a-amylase 
comprising the amino acid sequence shown in SEQ ID No. 4 and 
about 79% homologous with the B. stearothermophilus oc-amylase 
comprising the amino acid sequence shown in SEQ ID No. 6. 
5 Furthermore, an a-amylase derived from the Bacillus sp. NCIB 
12289 which has the amino acid sequence shown in SEQ ID No. 8 
(and is encoded by the DNA sequence shown in SEQ ID No. 7) has 
a high homology to SEQ ID No. 2. 

10 In the present context, the "Termamyl-like a-amylase" may be an 
a-amylase which has the amino acid sequence shown in SEQ ID No. 
2, 4, 6, or 8, or i) which displays at least 60%, such as at 
least 70%, 75% or at least 80% or 90% homology with at least 
one of said amino acid sequences and/or ii) displays 

15 immunological cross-reactivity with an antibody raised against 
at least one of said a-amylases, and/or iii) is encoded by a 
DNA sequence which hybridizes to the same oligonucleotide probe 
as the DNA sequences encoding the above specified a-amylases 
which are apparent from SEQ ID Nos. 1, 3, 5 and 7, 

20 respectively. 

Property i) of the Termamyl-like a-amylase is intended to in- 
dicate the degree of amino acid sequence identity with any of 
the a-amylases SEQ ID No. 2, 4, 6 or 8 indicating a derivation 

25 of the first sequence from the second. In particular, a 
polypeptide is considered to be homologous with, e.g. the a- 
amylase with the sequence SEQ ID No. 2, if a comparison of the 
respective amino acid sequences reveals a degree of sequence 
identity of greater than about 60%, such as above 7 0%, 80%, 

30 85%, 90% or even 95%. Sequence comparisons can be performed via 
known algorithms, such as the one described' by Lipman and 
Pearson (1985) . 

The properties ii) and iii) of the Termamyl-like a-amylase may 
35 be determined as follows: 

Property ii) of the a-amylase, i.e. the immunological cross 
reactivity, may be assayed using an antibody raised against or 
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reactive with at least one epitope of the relevant Termaitiyl- 
like a-amylase with the amino acid sequence SEQ ID No. 2, 4, 6, 
or 8. The antibody, which may either be monoclonal or poly- 
clonal, may be produced by methods known in the art, e.g. as 
5 described by Hudson et al., 1989. The immunological cross- 
reactivity may be determined using assays known in the art, 
examples of which are Western Blotting or radial immunodif- 
fusion assay, e.g. as described by Hudson et al., 1989. In this 
respect, immunological cross-reactivity between the a-amylases 
10 having the amino acid sequences SEQ ID Nos . 2 , 4 and 6 , 
respectively, has been found. 

The oligonucleotide probe used in the characterization of the 
Termamyl-like a-amylase in accordance with property iii) above 

15 may suitably be prepared on the basis of the full or partial 
nucleotide or amino acid sequence of the a-amylase in question 
(with the sequences 1-8) . Suitable conditions for testing 
hybridization involve presoaking in 5xSSC and prehybridizing 
for Ih at -40**C in a solution of 2 0% formamide, SxDenhardt's 

20 solution, 50mM sodium phosphate, pH 6.8, and 50/xg of denatured 
sonicated calf thymus DNA, followed by hybridization in the 
same solution supplemented with 100/xM ATP for 18h at --40**C, or 
other methods described by e.g. Sambrook et al., 1989. 

25 Specific examples of a Termamyl-like a-amylase - as used in the 
present context - include an a-amylase derived from a strain of 
B. llcheniformis, e.g. with the amino acid sequence shown in 
SEQ ID No. 2; an a-amylase derived from a strain of B. amylo- 
liquet ac lens f e.g. with the amino acid sequence shown in SEQ ID 

30 No. 4; an a-amylase derived from a strain of B. stearother- 
mophilus , e.g. with the amino acid sequence shown in SEQ ID No. 
6; or an a-amylase derived from a strain of an alkalophilic 
Bacillus sp., e.g. NCIB 12289, NCIB 12512 or NCIB 12513, such 
as the a-amylase which has the amino acid sequence shown in SEQ 

35 ID No. 8. Further specific examples include the a-amylase 
produced by the B. Ixcheniformis described in EP 252 666 (ATCC 
27811) , and the a-amylases identified in WO 91/00353 and WO 
94/18314. Other specific examples Termamyl-like B. 
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licheniformis a-amylases are Optitherm® and Takatherm® 
(available from Solvay) , Maxamyl® (available from Gist- 
Brocades) , Spezym AA® (available from Genencor) , and Keistase® 
(available from Daiwa) . 

5 

In the present context, "derived from" is intended not only to 
indicate an a-amylase produced or producible by a strain of the 
organism in question, but also an a-amylase encoded by a DNA 
sequence isolated from such strain and produced in a host or- 

10 ganism transformed with said DNA sequence. Finally, the term is 
intended to indicate an a-amylase which is encoded by a DNA 
sequence of synthetic and/ or cDNA origin and which has the 
identifying characteristics of the* a-amylase in question. The 
parent a-amylase may be a hybrid a-amylase, i.e. an a-amylase 

15 which comprises a combination of partial amino acid sequences 
derived from at least two a-amylases, of which one is a 
Termamyl-like a-amylase and the other(s) are, e.g., from a 
microbial and/or a mammalian a-amylase. The parent hybrid a- 
amylase should be one which on the basis of amino acid homology 

20 and/or immunological cross-reactivity and/or DNA hybridization 
(as defined above) can be determined to belong to the Termamyl- 
like a-amylase family. 

The parent hybrid a-amylase may comprise a combination of at 
25 least one Termamyl-like a-amylase, e.g. two Termamyl-like a- 
amylases, or one Termamyl-like and one non-Termamyl-like 
bacterial a-amylase or of at least one Termamyl-like and one 
fungal a-amylase. For instance, the parent a-amylase comprises 
a C-terminal part of an a-amylase derived from a strain of B. 
30 licheniformis and a N-terminal part of an a-amylase derived 
from a strain of B. amylallquefetciens or from a strain of B. 
stB^rothermophllus . For instance, the parent a-amylase 
comprises at least 43 0 amino acid residues of the C-terminal 
part of the B. lichen! formis a-amylase, and may, e.g. comprise 
35 a) an amino acid segment corresponding to the 37 N-terminal 
amino acid residues of the B . amyloliquefaciens a-amylase 
having the amino acid sequence shown in SEQ ID No. 4 and an 
amino acid segment corresponding to the 445 C-terminal amino 
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acid residues of the B. lichenlformis a-amylase having the 
amino acid sequence shown in SEQ ID No. 2, or b) an amino acid 
segment corresponding to the 68 N-terminal amino acid residues 
of the B. stearothBrmophllus a-amylase having the amino acid 
5 sequence shown in SEQ ID No. 6 and an amino acid segment 
corresponding to the 415 C-terminal amino acid residues of the 
B. llcheniformis a-amylase having the amino acid sequence shown 
in SEQ ID No. 2 . 

10 

The three-dimensional bacterial a-amvlase structure 

15 The bacterial a-amylase used for elucidating the three- 
dimensional structure consists of the 3 00 N-terminal amino 
acids of the B . amylollquefaciens a-amylase (with the amino 
acid sequence shown in SEQ ID No. 4) and amino acids 301-483 of 
the C-terminal of the B. llcheniformis a-amylase with the amino 

20 acid sequence SEQ ID No. 2. The bacterial a-amylase belongs to 
the family which in the present context is referred to as 
"Termamyl-like a-amylases" (cf . the definition thereof further 
below) and the present structure is believed to be 
representative for the structure of any of the bacterial a- 

25 amylases belonging to the Termamyl-like a-amylase family. 

The structural coordinates for the solved crystal structure of 
the a-amylase are given in a standard PDB format (Brookhaven 
Protein Data Base) in Appendix 1. 

30 

All a-amylase structures analysed this far have the same 
overall fold, viz. the (beta/alpha) 8 barrel with 8 central beta 
strands (number 1-8) . Each beta strand is followed on the 
outside of the molecule by an alpha-helix (number 1-8) . The 
35 C-terminal end of Beta strand 1 is connected to helix 1 one by 
a loop denoted loop 1 and an identical pattern is found for the 
other loops. These loops show some variation in size and some 
can be quite extensive. 
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The 8 central Beta-strands in the (beta/alpha) 8 barrel 
superimpose well, and this part of the bacterial a-amylase 
structure, including the close surroundings of the active site 
located at the c-terminal end of the beta-strands, show high 
5 similarity between the different amylases. 

The loops connecting beta-strands and alpha helices display 
high variations between alpha amylases. These loops constitute 
the structural context of the active site and the majority of 
10 the contacts to the substrate is found among residues located 
in these loops. Such important characteristics as substrate 
specificity, pH/ activity profile, starch cleavage pattern are 
determined by the amino acids and the positions of same in 
these loops • 

15 

The substantial differences between the Fungamyl-like a-amylase 
structure and the structure of the Termamyl-like a-amylase 
disclosed herein which are found in loops 1, 2, 3, and 8 are 
visualized in the Figures. 

20 

The Termamyl-like a-amylase structure has been found to 
comprise a special domain structure in loop3 , also called 
domain B. 

25 The structure of this domain has never been seen before in any 
of the known a-amylase or (B/alpha) 8-barrell proteins. 

The loops structure can be characterized as a very compact 
domain having a very high number of charged residues. The 

30 structure starts after the third B-strand in the B-barrel 
(shown on Figure 7, close to the active site) . The mainchain 
folds into a B-strand which connects two small 6-sheet 
structures. After making one turn in one sheet it folds back 
and makes up a two stranded sheet in contact with domainl and 

35 an internal hole in the a-amylase structure. Then the mainchain 
fold up two a small sheet structure nearly perpendicular to the 
first two sheets. Before entering the loop3 helix on top of the 
6-strand 3, the approximately 24 last amino acids in domains 
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form two calcium binding sites in the contact region to 
domainl. 

Domain B is connected with domain A by two peptide stretches, 
5 which divide the domain-domain contact areas into two. Domain 
B is in contact with Domain A by a calcium binding region and 
an internally buried hole containing waters. Many types of 
molecular contacts are present. Ionic interacting between acid 
and basic amino acids are possible, these interactions is very 
10 important for the general stability at high pH and for keeping 
the bound Calcium binding sites intact. 

The comparison performed in step i) of the method of the 
invention may be performed by use of any suitable computer 

15 programme capable of comparing protein structures, e.g. the 
computer programme Insight, available from Biosym Technologies, 
Inc. The basic principle of structure comparison is that the 
three-dimensional structures to be compared are superimposed on 
the basis of an alignment of secondary structure elements (such 

20 as the central 8 /S-strands in the barrell) and the parts 
differing between the structures can subsequently easily be 
identified from the superimposed structure. 

In step ii) the part of the structure to be identified is 
25 preferably one which in the folded enzyme is believed to be in 
contact with the substrate and further one, which, from 
structural/ functional considerations, is contemplated to be 
responsible for differences in one or more properties of the 
Termamyl-like and non-Termamyl-like a-amylase. 

30 

Based on an analysis of the structures of the various a- 
amylases, which until now has been elucidated, and an analysis 
of the functional differences between these a-amylases it is 
possible to assign certain properties of the a-amylases to 
35 certain parts of the a-amylase structure or to contemplate such 
relationship. For instance, differences in the pattern or 
structure of loops surrounding the active site may result in 
differences in access to the active site of the substrate and 
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thus differences in substrate specificity and/ or cleavage 
pattern. Accordingly, in the present context the term 
"structural /functional considerations" is intended to indicate 
that modifications to be made may be based on structural 
5 alterations contemplated to result in functional alterations of 
interest . 

One important advantage of the method of the present invention 
is that it is possible to adapt the structure (or a structure 

10 part) of a Termamyl-like a-amylase to the structure (or 
structure part) of a non-Termamyl-like a-amylase. For instance, 
having identified a loop structure of the non-Termamyl-like a- 
amylase which is believed to be responsible for or contributing 
to a particular property of the non-Termamyl-like a-amylase it 

15 is possible to replace the corresponding structure of the 
Termamyl-like a-amylase with said non-Termamyl-like a-amylase 
structure - or if no corresponding structure exists - to insert 
the structure into the Termamyl-like a-amylase in such a manner 
that the resulting variant Termamyl-like a-amylase, as the 

20 relevant part is concerned, resembles the corresponding part of 
the non-Termamyl-like a-amylase. When two or more parts of the 
structure of the parent Termamyl-like a-amylase are modified so 
as to resemble the corresponding parts of the non-Termamyl-like 
a-amylase it is possible to increase the resemblance to the 

25 non-Termamyl-like a-amylase of the Termamyl-like a-amylase 
variant and thus to alter the properties of said variant in the 
direction of those of said non-Termamyl-like a-amylase. 

Typically, the modification to be performed in step iii) of the 
30 method of the invention is accomplished by deleting one or more 
amino acid residues of the part of the Termamyl-like a-amylase 
to be modified so as to adapt the structure of said part of the 
parent a-amylase to the corresponding part of the non-Termamyl- 
like a-amylase; by replacing one or more amino acid residues of 
35 the part of the Termamyl-like a-amylase to be modified with the 
amino acid residues occupying corresponding positions in the 
non-Termamyl-like a-amylase; or by insertion of one or more 
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amino acid residues present in the non-Termamyl-like a-amylase 
into a corresponding position in the Termamyl-like a-amylase. 

The non-Termaitiyl-like a-amylase with which the comparison is 
5 made in step i) of the method of the invention may be any a- 
amylase, which does not belong to the family of Termamyl-like 
a-amylases (as defined above) and, which as a consequence 
thereof, has a different three-dimensional structure. 
Furthermore, the non-Termamyl-like a-amylase should be one 
10 which has an elucidated three-dimensional structure. 

The non-Termamyl-like a-amylase may, e.g., be a fungal a- 
amylase, a mammalian or a plant a-amylase or a bacterial a- 
amylase (different from a Termamyl-like a-amylase) . Specific 

15 examples of such a-amylases include the Aspergillus oryzae TAKA 
a-amylase, the A. nlger acid a-amylase, the Bacillus subtilis 
a-amylase, the porcine pancreatic a-amylase or a barley a- 
amylase. All of these a-amylases have elucidated structures 
which are clearly different from the structure of the 

20 Termamyl-like a-amylase shown herein. 

The fungal a-amylases mentioned above, i.e. derived from A. 
niger and A. oryzae, are highly homologous on the amino acid 
level and generally considered to belong to the same family of 

25 a-amylases. In the present disclosure, this family is termed 
"Fungamyl-like a-amylase" and intends to indicate an a-amylase 
which exhibits a high homology, i.e. more than 70%, such as 80% 
homologous to the fungal a-amylase derived from Aspergillus 
oryzae^ commercially available as Fungamyl®, and the A. niger 

30 a-amylase. 

From the enclosed illustrations of the a-amylase structure of 
a Termamyl-like a-amylase and a comparison of said structure 
with the structure of a Fungamyl-like a-amylase it is evident 
35 that major differences exist between the two structures. In the 
method of the invention it is of particular interest to modify 
parts of the parent Termamyl-like a-amylase, which belong to a 
region with large differences. In particular, it is of interest 
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to modify the parent Termamyl-like a-amylase in^ one or more of 
the following loops: loop 1, loop 2, loop 3 and/or loop 8 of 
the parent a-amylase. 

5 It will be understood that the method of the invention is 
equally applicable for modification of a parent non-Termamyl- 
like a-amylase. Thus, in a further aspect the present invention 
relates to to a method of constructing a variant of a parent 
non-Termamyl-like a-amylase, which variant has a-amylase 
10 activity and one or more altered properties as compared to said 
parent a-amylase, which method comprises 

i) comparing the three-dimensional structure of the non- 
Termamyl-like a-amylase with the structure of a Termamyl-like 
a-amylase, 

15 ii) identifying a part of the non-Termamyl-like a-amylase 
structure which is different from the Termamyl-like a-amylase 
structure , and 

iii) modifying the part of the non-Termamyl-like a-amylase 
identified in ii) whereby a non-Termamyl-like a-amylase variant 
20 is obtained, one or more properties of which differ from the 
parent Termamyl-like a-amylase. 

It will be understood that the modification may be accomplished 
analogously to what is described above and that the non- 
25 Termamyl-like and Termamyl-like a-amylase are as defined above. 
Furthermore, it is of particular interest to modify loop 1, 
loop 2, loop 3 and/or loop 8 of the parent non-Termamyl-like a- 
amylase. 

30 In the method of the present invention the variant of the 
parent a-amylase is normally obtained by cultivating a 
microorganism comprising a DNA sequence encoding the variant 
under conditions which are conducive for producing the variant, 
and optionally subsequently recovering the variant from the 

35 resulting culture broth. This is described in detail further 
below. 
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The properties which may be altered by the method of the 
present invention include substrate specificity, cleavage 
pattern, temperature stability, pH dependent activity^ 
stability towards oxidation, Ca^"^ -dependency , specific activity, 
5 cleavage pattern, etc. For instance, the alteration may result 
in an increased specific activity as a function of high or low 
pH. 

In the following specific types of variants are described which 
10 have been designed by use of the method of the invention. 

Loop2 modifications 

In one embodiment the invention relates to a variant of a 
15 parent Termamyl-like a-amylase, in which variant at least one 
of amino acid residue of the parent a-amylase, which is/ are 
present in a fragment corresponding to the amino acid fragment 
44-57 of the amino acid sequence of SEQ ID No. 4, has been 
deleted or replaced with one or more amino acid residues which 
20 is/ are present in a fragment corresponding to the amino acid 
fragment 66-84 of the amino acid sequence shown in SEQ ID No. 
10, or in which one or more additional amino acid residues has 
been added using the relevant part of SEQ ID No. 10 or a 
corresponding part of another Fungamyl-like a-amylase as a 
25 template. 

The amino acid sequence shown in SEQ ID No. 10 is the amino 
acid sequence of the A. oryzae a-amylase, i.e. a Fungamyl-like 
a-amylase. It will be understood that amino acid residues or 

30 fragments found in corresponding positions in other a-amylases, 
in particular Fungamyl-like a-amylases, may be used as a 
template for the construction of the variant according to the 
invention. The corresponding part in other homologous a- 
amylases may easily be identified on the basis of a comparison 

35 of the amino acid sequences and/ or three-dimensional structures 
of the respective a-amylases. 
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For instance, the variant may be one, in which an amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 44-57 of SEQ ID No. 4, has 
been replaced with an amino acid fragment Z-V, which 
5 corresponds to or is within the amino acid fragment 66-84 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

X is an amino acid residue corresponding to the amino acid 
10 occupying position 44, 45, 46, 47 or 48 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
occupying position 51, 52, 53, 54, 55, 56 or 57 of SEQ ID No. 

15 

Z is an amino acid residue corresponding to the amino acid 
occupying position 66, 67, 68, 69 or 7 0 of SEQ ID No. 10, and 

V is an amino acid residue corresponding to the amino acid 
20 occupying position 78, 79, 80, 81, 82, 83 or 84 of SEQ ID No. 

10. 

A specific example of a variant according to this embodiment is 
a variant of a parent Termamyl-like a-amylase, in which the 
25 amino acid fragment of the parent a-amylase, which corresponds 
to amino acid residues 48-51 of SEQ ID No. 4, has been replaced 
with an amino acid fragment corresponding to amino acid 
residues 70-78 of the amino acid sequence shown in SEQ ID No. 
10 . 

30 

Loop 3 modifications - limited alteration 

In another embodiment the invention relates to a variant of a 
parent Termamyl-like a-amylase, in which variant at least one 
35 of the amino acid residues of the parent a-amylase, which 
is/are present in an amino acid fragment corresponding to the 
amino acid fragment 195-202 of the amino acid sequence of SEQ 
ID No. 4, has been deleted or replaced with one or more of the 
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amino acid residues which is/are present in an amino acid 
fragment corresponding to the amino acid fragment 165-177 of 
the amino acid sequence shown in SEQ ID No. 10, or in which one 
or more additional amino acid residues has been added using the 
5 relevant part of SEQ ID No. 10 or a corresponding part of 
another Fungamyl-like a-amylase as a template. 

For instance, the variant may be one, in which an amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
10 is within the amino acid fragment 195-202 of SEQ ID No. 4, has 
been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 165-177 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant, in which 

15 

X is an amino acid residue corresponding to the amino acid 
occupying position 195 or 196 of SEQ ID No. 4, 

y is an amino acid residue corresponding to the amino acid 
20 occupying position 198, 199, 200, 201, or 202 of SEQ ID No. 4, 



Z is an amino acid residue corresponding to the amino acid 
occupying position 165 or 166 of SEQ ID No. 10, and 

25 

V is an amino acid residue corresponding to the amino acid 
occupying position 173, 174, 175, 176 or 177 of SEQ ID No. 10. 

A specific example of a variant according to this embodiment is 
30 a variant of a parent Termamyl-like a-amylase, in which the 
amino acid fragment of the parent a-amylase, which corresponds 
to amino acid residues 196-198 of SEQ ID No. 4, has been 
replaced with the amino acid fragment corresponding to amino 
acid residues 166-173 of the amino acid sequence shown in SEQ 
35 ID No. 10. 

Loop 3 modifications - complete domain B 
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In a further embodiment the invention relates to a variant of 
a parent Termamyl-like a-amylase, in which variant at least one 
of the amino acid residues of the parent a-amylase, which 
is/are present in a fragment corresponding to the amino acid 
5 fragment 117-185 of the amino acid sequence of SEQ ID No. 4, 
has/have been deleted or replaced with one or more of the amino 
acid residues, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment 98-210 of the amino 
acid sequence shown in SEQ ID No. 10, or in which one or more 
10 additional amino acid residues has been added using the 
relevant part of SEQ ID No, 10 or a corresponding part of 
another Fungamyl-like a-amylase as a template. 

For instance, the variant may be one, in which an amino acid 
15 fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 117-18 5 of SEQ ID No. 4, has 
been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 98-210 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
20 variant 

X is an amino acid residue corresponding to the amino acid 
occupying position 117, 118, 119, 12 0 or 121 of SEQ ID No. 4, 

25 

Y is an amino acid residue corresponding to the amino acid 
occupying position 181, 182, 183, 184 or 185 of SEQ ID No. 4, 

Z is an amino acid residue corresponding to the amino acid 
30 occupying position 98, 99, 100, 101, 102 of SEQ ID No. 10, and 

V is an amino acid residue corresponding to the amino acid 
occupying position 206, 207, 208, 209 or 210 of SEQ ID No. 10. 

35 A specific example of a variant according to this embodiment is 
a variant of a parent ce-amylase, in which an amino acid 
fragment of the parent a-amylase, which corresponds to amino 
acid residues 121-181 of SEQ ID No. 4, has been replaced with 
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the amino acid fragment corresponding to amino acid residues 
102-206 of the amino acid sequence shown in SEQ ID No. 10. 

In another embodiment the invention relates to a variant of a 
5 parent Termamyl-like a-amylase, in which variant at least one 
of the amino acid residues of the parent a-amylase, which 
is/are present in a fragment corresponding to the amino acid 
fragment 117-181 of the amino acid sequence of SEQ ID No. 4, 
has/have been deleted or replaced with one or more of the amino 

10 acid residues, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment to 98-206 of the 
amino acid sequence shown in SEQ ID No. 10, or in which one or 
more additional amino acid residues has been added using the 
relevant part of SEQ ID No. 10 or a corresponding part of 

15 another Fungamyl-like a-amylase as a template. 

For instance, the variant may be one, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 117-177 if SEQ ID No. 4, 
20 has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 98-202 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

25 X is an amino acid residue corresponding to the amino acid 
occupying position 117, 118, 119, 120 or 121 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
30 occupying position 174, 175, 176 or 177 of SEQ ID No. 4, 

Z is an amino acid residue corresponding to the amino acid 
occupying position 98, 99, 100, 101, 102 of SEQ ID No. 10, and 

35 V is an amino acid residue corresponding to the amino acid 
occupying position 199, 2 00, 2 01 or 2 02 of SEQ ID No. 10. 



4394.000-DK - 1995-02-03 



18 



A specific example of a variant according to this embodiment of 
the invention is a variant, in which the amino acid fragment of 
the parent a-amylase, which corresponds to amino acid residues 
121-174 of SEQ ID No. 4, has been replaced with the amino acid 
5 fragment corresponding to amino acid residues 102-199 of the 
amino acid sequence shown in SEQ ID No. 10. 

Loop 1 modifications - minimal addition 

10 In a further embodiment the present invention relates to a 
variant of a parent Termamyl-like a-amylase, in which variant 
at least one of the amino acid residues of the parent a- 
amylase, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment 12-19 of the amino 

15 acid sequence of SEQ ID No. 4, has/have been deleted or 
replaced with one or more of the amino acid residues, which 
is/are present in an amino acid fragment which corresponds to 
the amino acid fragment 28-42 of SEQ ID No. 10, or in which one 
or more additional amino acid residues has/have been inserted 

20 using the relevant part of SEQ ID No. 10 or a corresponding 
part of another Fungamyl-like a-amylase as a template. 

For instance, the variant may be one, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
25 is within the amino acid fragment 12-19 of SEQ ID No. 4, 
has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 28-42 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

30 

X is an amino acid residue corresponding to the amino acid 
occupying position 12, 13 or 14 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
35 occupying position 15, 16, 17, 18 or 19 of SEQ ID No. 4, 

Z is an amino acid residue corresponding to the amino acid 
occupying position 28, 29, 30 , 31 or 32 of SEQ ID No. 10, and 
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V is an amino acid residue corresponding to the amino acid 
occupying position 38, 39, 40, 41 or 42 of SEQ ID No. 10. 

A specific example of a variant according to this aspect of the 
5 invention is a variant, in which the amino acid fragment of the 
parent a-amylase, which corresponds to amino acid residues 14- 
15 of SEQ ID No. 4, has been replaced with the amino acid 
fragment corresponding to amino acid residues 32-38 of the 
amino acid sequence shown in SEQ ID No. 10. 

10 

Loop 1 modifications - complete loop 

In a further embodiment the invention relates to a variant of 
a parent Termamyl-like a-amylase, in which variant at least one 

15 of the amino acid residues of the parent a-amylase, which is 
present in a fragment corresponding to amino acid residues 7-23 
of the amino acid sequence of SEQ ID No. 4, has/have been 
deleted or replaced with one or more amino acid residues, which 
is/are present in an amino acid fragment corresponding to amino 

20 acid residues 13-45 of the amino acid sequence shown in SEQ ID 
No. 10, or in which one or more additional amino acid residues 
has/have been inserted using the relevant part of SEQ ID No. 10 
or a corresponding part of another Fungamyl-like a-amylase as 
a template. 

25 

For instance, the variant may be one, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 7-23 of SEQ ID No. 4, 
has/have been replaced with an amino acid fragment Z-V, which 
30 corresponds to or is within the amino acid fragment 13-4 5 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

X is an amino acid residue corresponding to the amino acid 
35 occupying position 7 or 8 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
occupying position 18, 19, 20, 21, 2 2 or 2 3 of SEQ ID No. 4, 
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Z is an amino acid residue corresponding to the amino acid 
occupying position 13 or 14 of SEQ ID No. 10, and 

V is an amino acid residue corresponding to the amino acid 
5 occupying position 40, 41, 42, 43, 44 or 45 of SEQ ID No. 10. 

A specific variant according to this embodiment is one, in 
which the amino acid fragment of the parent a-amylase, which 
corresponds to amino acid residues 8-18 of SEQ ID No. 4, has 
10 been replaced with the amino acid fragment corresponding to 
amino acid residues 14-4 0 of the amino acid sequence shown in 
SEQ ID No. 10. 

Loop 8 modifications 

15 

In a further embodiment the invention relates to a variant of 
a parent Termamyl-like ot-amylase, in which variant at least one 
of the amino acid residues of the parent a-amylase, which is 
present in a fragment corresponding to amino acid residues 32 2- 

20 34 6 of the amino acid sequence of SEQ ID No. 2, has /have been 
deleted or replaced with one or more amino acid residues, which 
is/are present in an amino acid fragment corresponding to amino 
acid residues 291-313 of the amino acid sequence shown in SEQ 
ID No. 10, or in which one or more additional amino acid 

25 residues has/have been inserted using the relevant part of SEQ 
ID No. 10 or a corresponding part of another Fungamyl-like a- 
amylase as a template. 

For instance, the variant may be one, in which the amino acid 
30 fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 322-34 6 of SEQ ID No. 2, 
has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 291-313 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
35 variant 

X is an amino acid residue corresponding to the amino acid 
occupying position 322, 323, 324 or 325 of SEQ ID No. 2, 
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Y is an amino acid residue 
occupying position 343, 344, 

Z is an amino acid residue 
5 occupying position 291, 292, 

V is an amino acid residue 
occupying position 310, 311, 



corresponding to the amino acid 
345 or 346 of SEQ ID No. 2, 

corresponding to the amino acid 
293 or 294 of SEQ ID No. 10, and 

corresponding to the amino acid 
312 or 313 of SEQ ID No. 10. 



10 A specific variant according to this aspect of the invention is 
one, in which the amino acid fragment of the parent a-amylase, 
which corresponds to amino acid residues 325-345 of SEQ D No. 
2 , has been replaced with the amino acid fragment corresponding 
to amino acid residues 294-313 of the amino acid sequence shown 

15 in SEQ ID No. 10. 



Variants of a fungal a-amylase 

20 In a still further embodiment the invention relates to a 
variant of a parent Fungamyl-like a-amylase, in which variant 
at least one of the amino acid residues of the parent a- 
amylase, which is/are present in an amino acid fragment 
corresponding to amino acid residues 291-313 of the amino acid 

25 sequence of SEQ ID No. 10, has/have been deleted or replaced 
with one or more of the amino acid residues, which is/are 
present in an amino acid fragment corresponding to amino acid 
residues 98-210 of the amino acid sequence shown in SEQ ID No. 
4, or in which one or more additional amino acid residues 

30 has/have been inserted using the relevant part of SEQ ID No. 4 
or a corresponding part of another Termamyl-like a-amylase as 
a template. 

For instance, the variant may be one, in which the amino acid 
35 fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 117-185 of SEQ ID No. 10, 
has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 98-210 of 
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the amino acid sequence shown in SEQ ID No. 4, in which variant 

X is an amino acid residue corresponding to the amino acid 
5 occupying position 117, 118, 119, 12 0 or 121 of SEQ ID No. 10, 

Y is an amino acid residue corresponding to the amino acid 
occupying position 181, 182, 183, 184 or 185 of SEQ ID No. 10, 

10 

Z is an amino acid residue corresponding to the amino acid 
occupying position 98, 99, 100, 101 or 102 of SEQ ID No. 4, and 

V is an amino acid residue corresponding to the amino acid 
15 occupying position 206, 207, 208, 209 or 210 of SEQ ID No. 4. 

A specific example of a variant according to this aspect of the 
invention is one, in which the amino acid fragment of the 
parent a-amylase, which corresponds to amino acid residues 121- 
20 181 of SEQ ID No. 10, has been replaced with the amino acid 
fragment corresponding to amino acid residues 102-206 of the 
amino acid sequence shown in SEQ ID No. 4. 

Another example of a variant according to this aspect of the 
25 invention is one, in which the amino acid fragment of the 
parent a-amylase, which corresponds to amino acid residues 121- 
174 of SEQ ID No. 10, has been replaced with the amino acid 
fragment corresponding to amino acid residues 102-199 of the 
amino acid sequence shown in SEQ ID No. 4. 

30 

In a further embodiment the invention relates to a variant of 
a parent Fungamyl-like a-amylase, in which an amino acid 
fragment corresponding to amino acid residues 181-184 of the 
amino acid sequence shown in SEQ ID No. 10 has been deleted. 

35 

General mutations in variants of the invention 
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It may be preferred that the variant of the invention or 
prepared in accordance with the method of the invention 
comprises one or more modifications in addition to those 
outlined above. Thus, it may be advantageous that one or more 
5 proline residues present in the part of the a-amylase variant 
having been modified is/are replaced with a non-proline residue 
which may be any of the possible, naturally occurring non- 
proline residues, and which preferably is an alanine, glycine, 
serine, threonine, valine or leucine. 

10 

Analogously, it may be preferred that one or more cysteine 
residues present in the amino acid residues with which the 
parent a-amylase is modified are replaced with a non-cysteine 
residues such as serine, alanine, threonine, glycine, valine or 
15 leucine. 

Furthermore, the variant of the invention may either as the 
only modification or in combination with any of the above 
outlined modifications be modified so that one or more Asp 

20 and/or Glu present in an amino acid fragment corresponding to 
the amino acid fragment 185-2 09 of SEQ ID No. 8 is replaced by 
an Asn and/or Gin, respectively. Also of interest is the 
modification of one or more of the Lys residues present in the 
Termamyl-like a-amylase is replaced by an Arg present in an 

25 amino acid fragment corresponding to the amino acid fragment 
185-2 09 of SEQ ID No. 8 is replaced by an Asn and/or Gin, 
respectively . 

It will be understood that in accordance with the present 
30 invention variants may be prepared which carry two or more of 
the above outlined modifications. For instance, variants may be 
prepared which comprises a modification in the loop 1 and loop 
2 region, a modification in loop 2 and limited loop 3, a 
modification in loop 1, loop 2, loop 3 and loop 8, etc. 

35 

Furthermore, it may be advantageous to introduce point- 
mutations in any of the variants described herein. 
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Methods of preparing a-amvlase variantis 

Several methods for introducing mutations into genes are known 
in the art. After a brief discussion of the cloning of a- 
amylase-encoding DNA sequences, methods for generating 
5 mutations at specific sites within the a-amylase-encoding 
sequence will be discussed. 

Cloning a DNA sequence encoding an g-amvlase 

The DNA sequence encoding a parent a-amylase may be isolated 
10 from any cell or microorganism producing the a-amylase in 
question, using various methods well known in the art. First, 
a genomic DNA and/ or cDNA library should be constructed using 
chromosomal DNA or messenger RNA from the organism that pro- 
duces the a-amylase to be studied. Then, if the amino acid 
15 sequence of the a-amylase is known, homologous, labelled oli- 
gonucleotide probes may be synthesized and used to identify a- 
amylase-encoding clones from a genomic library prepared from 
the organism in question. Alternatively, a labelled oligonu- 
cleotide probe containing sequences homologous to a known a- 
20 amylase gene could be used as a probe to identify a-amylase-en- 
coding clones, using hybridization and washing conditions of 
lower stringency. 

Yet another method for identifying a-amylase-encoding clones 
25 would involve inserting fragments of genomic DNA into an ex- 
pression vector, such as a plasmid, transforming a-amylase- 
negative bacteria with the resulting genomic DNA library, and 
then plating the transformed bacteria onto agar containing a 
substrate for a-amylase, thereby allowing clones expressing the 
30 a-amylase to be identified. 

Alternatively, the DNA sequence encoding the enzyme may be 
prepared synthetically by established standard methods , e.g. 
the phosphoamidite method described by S.L. Beaucage and M.H. 
35 Caruthers (1981) or the method described by Matthes et al. 
(1984) . In the phosphoamidite method, oligonucleotides are syn- 
thesized, e.g. in an automatic DNA synthesizer, purified, 
annealed, ligated and cloned in appropriate vectors. 
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Finally, the DNA sequence may be of mixed genomic and synthetic 
origin, mixed synthetic and cDNA origin or mixed genomic and 
cDNA origin, prepared by ligating fragments of synthetic, 
genomic or cDNA origin (as appropriate, the fragments 
5 corresponding to various parts of the entire DNA sequence) , in 
accordance with standard techniques. The DNA sequence may also 
be prepared by polymerase chain reaction (PGR) using specific 
primers, for instance as described in US 4,68 3,202 or R.K. 
Saiki et al. (1988). 

10 

site-directed mutagenesis 

Once an a-amylase-encoding DNA sequence has been isolated, and 
desirable sites for mutation identified, mutations may be 
introduced using synthetic oligonucleotides. These oligonucleo- 

15 tides contain nucleotide sequences flanking the desired muta- 
tion sites; mutant nucleotides are inserted during oligo- 
nucleotide synthesis. In a specific method, a single-stranded 
gap of DNA, bridging the a-amylase-encoding sequence, is cre- 
ated in a vector carrying the a-amylase gene. Then the syn- 

20 thetic nucleotide, bearing the desired mutation, is annealed to 
a homologous portion of the single-stranded DNA. The remaining 
gap is then filled in with DNA polymerase I (Klenow fragment) 
and the construct is ligated using T4 ligase. A specific 
example of this method is described in Morinaga et al. (1984) . 

25 US 4,760,025 discloses the introduction of oligonucleotides 
encoding multiple mutations by performing minor alterations of 
the cassette. However, an even greater variety of mutations can 
be introduced at any one time by the Morinaga method, because 
a multitude of oligonucleotides, of various lengths, can be 

3 0 introduced . 

Another method of introducing mutations into a-amylase-encoding 
DNA sequences is described in Nelson and Long (1989) . It 
involves the 3 -step generation of a PGR fragment containing the 
35 desired mutation introduced by using a chemically synthesized 
DNA strand as one of the primers in the PGR reactions. From the 
PCR-generated fragment, a DNA fragment carrying the mutation 
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may be isolated by cleavage with restriction endonucleases and 
reinserted into an expression plasmid* 

Testing of variants of the invention 
5 The testing of variants of the invention may suitably be 
performed by determining the starch-degrading activity of the 
variant, for instance by growing host cells transformed with a 
DNA sequence encoding a variant on a starch-containing agarose 
plate and identifying starch-degrading host cells. Further 
10 testing as to altered properties (including specific activity, 
substrate specificity, cleavage pattern, thermoactivation, pH 
optimum, pH dependency, temperature optimum, and any other 
parameter may be performed in accordance with methods known in 
the art . 

15 

Expression of a-amvlase variants 

According to the invention, a DNA sequence encoding the variant 
produced by methods described above, or by any alternative 
methods known in the art, can be expressed, in enzyme form, 
20 using an expression vector which typically includes control 
sequences encoding a promoter, operator, ribosome binding site, 
translation initiation signal, and, optionally, a repressor 
gene or various activator genes. 

25 The recombinant expression vector carrying the DNA sequence 
encoding an a-amylase variant of the invention may be any 
vector which may conveniently be subjected to recombinant DNA 
procedures, and the choice of vector will often depend on the 
host cell into which it is to be introduced. Thus, the vector 

30 may be an autonomously replicating vector, i.e. a vector which 
exists as an extrachromosomal entity, the replication of which 
is independent of chromosomal replication, e.g. a plasmid, a 
bacteriophage or an extrachromosomal element, minichromosome or 
an artificial chromosome. Alternatively, the vector may be one 

35 which, when introduced into a host cell, is integrated into the 
host cell genome and replicated together with the chromosome (s) 
into which it has been integrated. 
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In the vector, the DNA sequence should be operably connected to 
a suitable promoter sequence. The promoter may be any DNA 
sequence which shows transcriptional activity in the host cell 
of choice and may be derived from genes encoding proteins 
5 either homologous or heterologous to the host cell. Examples of 
suitable promoters for directing the transcription of the DNA 
sequence encoding an a-amylase variant of the invention, 
especially in a bacterial host, are the promoter of the lac 
operon of E.coli, the StrBptomycBS coelicolor agarase gene dagrA 

10 promoters, the promoters of the Bacillus llchenlformls a- 
amylase gene {etmyL) , the promoters of the Bacillus 
stearothermophllus maltogenic amylase gene (amyM) , the promo- 
ters of the Bacillus Amylollquefaclens a-amylase (amyQ) , the 
promoters of the Bacillus subtilis xylA and xylB genes etc. For 

15 transcription in a fungal host, examples of useful promoters 
are those derived from the gene encoding A. oryzae TAKA 
amylase, Rhlzomucor miehei aspartic proteinase, A. niger neu- 
tral a-amylase, A. niger acid stable a-amylase, A. niger glu- 
coamylase, Rhlzomucor miehei lipase, A. oryzae alkaline 

20 protease, A. oryzae triose phosphate isomerase or A. nidulans 
acetamidase . 

The expression vector of the invention may also comprise a 
suitable transcription terminator and, in eukaryotes, poly- 
25 adenylation sequences operably connected to the DNA sequence 
encoding the a-amylase variant of the invention. Termination 
and polyadenylation sequences may suitably be derived from the 
same sources as the promoter. 

30 The vector may further comprise a DNA sequence enabling the 
vector to replicate in the host cell in question. Examples of 
such sequences are the origins of replication of plasmids 
pUC19, PACYC177, pUBllO, pE194, pAMBl and pIJ702. 

35 The vector may also comprise a selectable marker, e.g. a gene 
the product of which complements a defect in the host cell, 
such as the dal genes from'B. subtilis or B. licheniformis, or 
one which confers antibiotic resistance such as ampicillin, 
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kanamycin, chloramphenicol or tetracyclin resistance • Fur- 
thermore, the vector may comprise Aspergillus selection markers 
such as amdS, argB, niaD and sC, a marker giving rise to 
hygromycin resistance, or the selection may be accomplished by 
5 co-transformation, e.g. as described in WO 91/1724 3. 

While intracellular expression may be advantageous in some 
respects, e.g. when using certain bacteria as host cells, it is 
generally preferred that the expression is extracellular. In 

10 general, the Bacillus a-amylases mentioned herein comprise a 
preregion permitting secretion of the expressed protease into 
the culture medium. If desirable, this preregion may be 
replaced by a different preregion or signal sequence, conveni- 
ently accomplished by substitution of the DNA sequences encod- 

15 ing the respective preregions. 

The procedures used to ligate the DNA construct of the inven- 
tion encoding an a-amylase variant, the promoter, terminator 
and other elements, respectively, and to insert them into 
20 suitable vectors containing the information necessary for 
replication, are well known to persons skilled in the art (cf . , 
for instance, Sambrook et al. (1989)). 

The cell of the invention, either comprising a DNA construct or 
25 an expression vector of the invention as defined above, is 
advantageously used as a host cell in the recombinant produc- 
tion of an a-amylase variant of the invention. The cell may be 
transformed with the DNA construct of the invention encoding 
the variant, conveniently by integrating the DNA construct (in 
30 one or more copies) in the host chromosome. This integration is 
generally considered to be an advantage as the DNA sequence is 
more likely to be stably maintained in the cell. Integration of 
the DNA constructs into the host chromosome may be performed 
according to conventional methods, e.g. by homologous or 
35 heterologous recombination. Alternatively, the cell may be 
transformed with an expression vector as described above in 
connection with the different types of host cells. 
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The cell of the invention may be a cell of a higher organism 
such as a mammal or an insect, but is preferably a microbial 
cell, e.g. a bacterial or a fungal (including yeast) cell. 

5 Examples of suitable bacteria are grampositive bacteria such as 
Bacillus subtilis, Bacillus licheniformis , Bacillus lentus , 
Bacillus brevis, Bacillus stearothBrmophilus , Bacillus alkalo- 
philus, Bacillus amyloliguefaciens, Bacillus coagulans , 
Bacillus circulans, Bacillus lautus , Bacillus megaterium , Ba~ 
10 cillus thuringiansis , or StrBptomycBS lividans or StreptomycBs 
murinuSf or gramnegative bacteria such as E.coli. The trans- 
formation of the bacteria may, for instance, be effected by 
protoplast transformation or by using competent cells in a 
manner known per se. 

15 

The yeast organism may favourably be selected from a species of 
SaccharomycBS or Schizosaccharomyces , e.g. Saccharomyces 
cBrevisiae . The filamentous fungus may advantageously belong to 
a species of Aspergillus , e.g. Aspergillus oryzae or Aspergil- 
20 lus niger. Fungal cells may be transformed by a process involv- 
ing protoplast formation and transformation of the protoplasts 
followed by regeneration of the cell wall in a manner known per 
se. A suitable procedure for transformation of Aspergillus host 
cells is described in EP 238 023. 

25 

In a yet further aspect, the present invention relates to a 
method of producing an a-amylase variant of the invention, 
which method comprises cultivating a host cell as described 
above under conditions conducive to the production of the 
30 variant and recovering the variant from the cells and/or cul- 
ture medium. 

The medium used to cultivate the cells may be any conventional 
medium suitable for growing the host cell in question and 
35 obtaining expression of the a-amylase variant of the invention. 
Suitable media are available from commercial suppliers or may 
be prepared according to published recipes (e.g. as described 
in catalogues of the American Type Culture Collection) . 
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The a-amylase variant secreted from the host cells may con- 
veniently be recovered from the culture medium by well-known 
procedures, including separating the cells from the medium by 
centrifugation or filtration, and precipitating proteinaceous 
5 components of the medium by means of a salt such as ammonium 
sulphate, followed by the use of chromatographic procedures 
such as ion exchange chromatography, affinity chromatography, 
or the like. 

10 Industrial Applications 

The a-amylase variants of this invention possesses valuable 
properties allowing for various industrial applications. In 
particular the enzyme variants finds potential applications as 
a component in washing, dishwashing and hard surface cleaning 

15 detergent compositions, but it may also be useful in the 
production of sweeteners and ethanol from starch and for 
textile desizing. Conditions for conventional starch converting 
processes and liquefaction and/or saccharif ication processes 
are described in for instance US Patent No. 3,912,590 and EP 

20 patent publications Nos. 252,730 and 63,909. 
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Detergent: Compositions 

According to the invention, the cx-amylase may typically be a 
component of a detergent composition. As such, it may be 
5 included in the detergent composition in the form of a non- 
dusting granulate, a stabilized liquid, or a protected enzyme. 
Non-dusting granulates may be produced, e.g. as disclosed in US 
4,106,991 and 4,661,452 (both to Novo Industri A/S) and may 
optionally be coated by methods known in the art. Examples of 

10 waxy coating materials are poly (ethylene oxide) products 
(polyethyleneglycol, PEG) with mean molar weights of 1000 to 
20000, ethoxylated nonylphenols having from 16 to 50 ethylene 
oxide units; ethoxylated fatty alcohols in which the alcohol 
contains from 12 to 2 0 carbon atoms and in which there are 15 

15 to 80 ethylene oxide units; fatty alcohols; fatty acids; and 
mono- and di- and triglycerides of fatty acids. Examples of 
film- forming coating materials suitable for application by 
fluid bed techniques are given in patent GB 1483591. Liquid 
enzyme preparations may, for instance, be stabilized by adding 

20 a polyol such as propylene glycol, a sugar or sugar alcohol, 
lactic acid or boric acid according to established methods. 
Other enzyme stabilizers are well known in the art. Protected 
enzymes may be prepared according to the method disclosed in EP 
238,216. 

25 The detergent composition of the invention may be in any 
convenient form, e.g. as powder, granules, paste or liquid. A 
liquid detergent may be aqueous, typically containing up to 70% 
of water and 0-30% of organic solvent, or nonaqueous. 

30 The detergent composition comprises one or more surfactants, 
each of which may be anionic, nonionic, cat ionic, or zwitter- 
ionic. The detergent will usually contain 0-50% of anionic 
surfactant such as linear alkylbenzenesulf onate (LAS) , alpha- 
olef insulfonate (AOS), alkyl sulfate (fatty alcohol sulfate) 

35 (AS) , alcohol ethoxysulfate (AEOS or AES) , secondary alkane- 
sulfonates (SAS) , alpha-sulfo fatty acid methyl esters, alkyl- 
or alkenylsuccinic acid or soap. It may also contain 0-40% of 
nonionic surfactant such as alcohol ethoxylate (AEO or AE) , 
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carboxylated alcohol ethoxylates, nonylphenol ethoxylate, 
alkylpolyglycoside, alkyldimethylamineoxide, ethoxylated fatty 
acid monoethanolatnide, fatty acid monoethanol amide, or poly- 
hydroxy alkyl fatty acid amide (e.g. as described in WO 
5 92/06154) . 

The detergent composition may additionally comprise one or more 
other enzymes, such as lipase, cutinase, protease, cellulase, 
peroxidase, e.g,, laccase. 

10 

The detergent may contain 1-65% of a detergent builder or 
complexing agent such as zeolite, diphosphate, triphosphate, 
phosphonate, citrate, nitrilotriacetic acid (NTA) , ethylene- 
diaminetetraacetic acid (EDTA) , diethylenetriaminepentaacetic 
15 acid (DTMPA) , alkyl- or alkenylsuccinic acid, soluble sili- 
cates or layered silicates (e.g. SKS-6 from Hoechst) . The 
detergent may also be unbuilt, i.e. essentially free of 
detergent builder . 

20 The detergent may comprise one or more polymers . Examples are 
carboxymethylcellulose (CMC) , poly (vinylpyrrolidone) (PVP) , 
polyethyleneglycol (PEG), poly(vinyl alcohol) (PVA) , 
polycarboxylates such as polyacrylates , maleic/acrylic acid 
copolymers and lauryl methacrylate/acrylic acid copolymers. 

25 

The detergent may contain a bleaching system which may comprise 
a H2O2 source such as perborate or percarbonate which may be 
combined with a peracid- forming bleach activator such as 
tetraacetylethylenediamine (TAED) or nonanoyloxybenzene- 
30 sulfonate (NOBS) . Alternatively, the bleaching system may 
comprise peroxy acids of e.g. the amide, imide, or sulfone type. 

The enzymes of the detergent composition of the invention may 
be stabilized using conventional stabilizing agents, e.g. a 
35 polyol such as propylene glycol or glycerol, a sugar or sugar 
alcohol, lactic acid, boric acid, or a boric acid derivative as 
e.g. an aromatic borate ester, and the composition may be 
formulated as described in e.g. WO 92/19709 and WO 92/19708. 
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The detergent may also contain other conventional detergent 
ingredients such as e.g. fabric conditioners including clays, 
foam boosters, suds suppressors, anti- corrosion agents, soil- 
suspending agents, anti-soil redeposition agents, dyes, 
5 bactericides, optical brighteners, or perfume. 

The pH (measured in aqueous solution at use concentration) will 
usually be neutral or alkaline, e.g. 7-11. 

10 Particular forms of detergent compositions within the scope of 
the invention include: 



1) A detergent composition formulated as a granulate having a 



15 bulk density of at least 600 g/1 comprising 



Linear alkylbenzenesulf onate (cal- 
culated as acid) 


7 


12% 


Alcohol ethoxysulf ate (e.g. C12.18 
alcohol, 1-2 EO) or alkyl sulfate 
(e.g. C16.18) 


1 


4% 


Alcohol ethoxylate (e.g. Ci4_i5 alco- 
hol, 
7 EO) 


5 


9% 


Sodium carbonate (as NasCOg) 


14 


20% 


Soluble silicate (as Ma20,2Si02) 


2 


6% 


Zeolite (as NaAlSi04) 


15 


22% 


Sodium sulfate (as Na2S04) 


0 


6% 


Sodium citrate/citric acid 
(as CeH^NasO^/QHgO^) 


0 


15% 


Sodium perborate (as NaB03.H20) 


11 


18% 


TAED 


2 


6% 


Carboxymethyl cellulose 


0 


2% 


Polymers (e.g. maleic/acrylic acid 
copolymer, PVP, PEG) 


0 


3% 


Enzymes (calculated as pure enzyme 
protein) 


0 .0001 


- 0.1% 


Minor ingredients (e.g. suds 
suppressors, perfume, optical 
brightener, photobleach) 


0 


5% 
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2) A detergent composition formulated as a granulate having a 
bulk density of at least 600 g/1 comprising 



Linear alkylbenzenesulf onate (cal- 
culated as acid) 


6 - 


- 11% 


Alcohol ethoxysulf ate (e.g. C12-18 
alcohol, 1-2 EO or alkyl sulfate 
(e.g. C16.18) 


1 - 


- 3% 


Alcohol ethoxylate (e.g. Ci4_i5 alco- 
hol, 
7 EO) 


5 - 


- 9% 


Sodium carbonate (as Na2C03) 


15 - 


- 21% 


Soluble silicate (as Na20,2Si02) 


1 - 


- 4% 


Zeolite (as NaAlSi04) 


24 - 


- 34% 


Sodium sulfate (as Na2S04) 


4 - 


- 10% 


Sodium citrate/citric acid 
(as C6H5Na307/C6H807) 


0 - 


- 15% 


Carboxymethyl cellulose 


0 - 


- 2% 


Polymers (e.g. maleic/acrylic acid 
copolymer, PVP, PEG) 


1 - 


- 6% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


0 .1% 


Minor ingredients (e.g. suds 
suppressors , perfume) 


0 - 


5% 


3) A detergent composition formulated as a granulate having 
bulk density of at least 600 g/1 comprising 


Linear alkylbenzenesulf onate (cal- 
culated as acid) 


5 


- 9% 


Alcohol ethoxylate (e.g. C12-15 alco- 
hol, 
7 EO) 


7 


- 14% 


Soap as fatty acid (e.g. C16-22 fatty 
acid) 


1 


- 3% 


Sodium carbonate (as Na2C03) 


10 


- 17% 


Soluble silicate (as Na20,2Si02) 


3 


- 9% 


Zeolite (as NaAlSi04) 


23 


- 33% 


Sodium sulfate (as Na2S04) 


0 


- 4% 


Sodium perborate (as NaB03.H20) 


8 


- 16% 
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TAED 


2 - 8% 


Phosphonate (e.g. EDTMPA) 


0 - 1% 


Carboxymethyl cellulose 


0 - 2% 


Polymers (e.g. maleic/acrylic acid 
copolymer, PVP, PEG) 


0 - 3% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 0.1% 


Minor ingredients (e.g- suds 
suppressors , perfume , optical 
brightener) 


0 - 5% 



4) A detergent composition formulated as a granulate having a 
bulk density of at least 600 g/1 comprising 



Linear alkylbenzenesulf onate (cal- 
culated as acid) 


8 


- 12% 


Alcohol ethoxylate (e.g. C12-15 alco- 
hol, 
7 EO) 


10 


- 25% 


Sodium carbonate (as Na2C03) 


14 


- 22% 


Soluble silicate (as Na20,2Si02) 


1 


- 5% 


Zeolite (as NaAlSi04) 


25 


- 35% 


Sodium sulfate (as Na2S04) 


0 


- 10% 


Carboxymethyl cellulose 


0 


- 2% 


Polymers (e.g. maleic/acrylic acid 
copolymer, PVP, PEG) 


1 


- 3% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


0.1% 


Minor ingredients (e.g, suds 
suppressors, perfume) 


0 


- 5% 



5) An aqueous liquid detergent composition comprising 



Linear alkylbenzenesulf onate (cal- 
culated as acid) 


15 - 21% 


Alcohol ethoxylate (e.g. Ci2,i5 alco- 
hol, 

7 EO or C12-15 alcohol, 5 EO) 


12 - 18% 


Soap as fatty acid (e.g. oleic 
acid) 


3 - 13% 
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Alkenyl succinic acid (C12-14) 


0 


- 13% 




Aminoethanol 


8 


- 18% 




Citric acid 


2 


8% 




Phosphonate 


0 


- 3% 




Polymers (e.g. PVP, PEG) 


0 


- 3% 




Borate (as B4O7) 


0 


- 2% • 




Ethanol 


0 


- 3% 




Propylene glycol 


8 


- 14% 




Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


- 0.1% 




Minor ingredients (e.g. 
dispersants, suds suppressors, per- 
fume, optical brightener) 


0 


- 5% 





15 6) An aqueous structured liquid detergent composition compris- 



ing 



Linear alkylbenzenesulf onate 
(calculated as acid) 


15 


- 21% 


Alcohol ethoxylate (e.g. C12.15 
alcohol , 

7 EO, or C12.15 alcohol, 5 EO) 


3 


- 9% 


•Soap as fatty acid (e.g. oleic 
acid) 


3 


- 10% 


Zeolite (as NaAlSi04) 


14 


- 22% 


Potassium citrate 


9 


- 18% 


Borate (as B4O7) 


0 


- 2% 


Carboxymethyl cellulose 


0 


- 2% 


Polymers (e.g. PEG, PVP) 


0 


- 3% 


Anchoring polymers such as, e.g., 
lauryl methacrylate/acrylic acid 
copolymer; molar ratio 25:1; MW 
3800 


0 


- 3% 


Glycerol 


0 


- 5% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


- 0 . 1% 


Minor ingredients (e.g. 
dispersants, suds suppressors, 
perfume, optical brighteners) 


0 


- 5% 
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7) A detergent composition formulated as a granulate having a 



bulk density of at least 600 g/1 comprising 



Fatty alcohol sulfate 


5 


- 10% 


Ethoxylated fatty acid monoethanol- 
amide 


3 


9% 


Soap as fatty acid 


0 


- 3% 


Sodium carbonate (as NasCOg) 


5 


- 10% 


Soluble silicate (as Na20,2Si02) 


1 


- 4% 


Zeolite (as NaAlSi04) 


20 


- 40% 


Sodium sulfate (as Na2S04) 


2 


- 8% 


Sodium perborate (as NaB03.H20) 


12 


- 18% 


TAED 


2 


- 7% 


Polymers (e.g. maleic/acrylic acid 
copolymer, PEG) 


1 


- 5% 


Enzymes ( calculated as pure enzyme 
protein) 


0 .0001 


- 0.1% 


Minor ingredients (e.g. optical 
brightener, suds suppressors, per- 
fume) 


0 


- 5% 


8) A detergent composition formulated as a granulate comprisir 




Linear alkylbenzenesulf onate 
(calculated as acid) 




8 


14% 




Ethoxylated fatty acid monoethanol- 
amide 




5 


11% 




Soap as fatty acid 




0 


3% 




Sodium carbonate (as Na2C03) 




4 


10% 




Soluble silicate (as Na20,2Si02) 




1 


4% 




Zeolite (as NaAlSi04) 




30 


50% 




Sodium sulfate (as Na2S04) 




3 


11% 




Sodium citrate (as C6H5Na307) 




5 


12% 




Polymers (e.g. PVP, maleic/acrylic 
acid copolymer, PEG) 




1 


5% 




Enzymes (calculated as pure enzyme 
protein) 




0.0001 - 


0 . 1% 




Minor ingredients (e.g. suds 
suppressors , perfume) 




0 


5% 
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9) A detergent composition formulated as a granulate comprising 



Linear alkylbenzenesulf onate 
(calculated as acid) 


6 * 


- 12% 


Nonionic surfactant. 


1 


- 4% 


Soap as fatty acid 


2 


- 6% 


Sodium carbonate (as NaiCOg) 


14 


- 22% 


Zeolite (as NaAlSi04) 


18 


- 32% 


Sodium sulfate (as Na2S04) 


5 


- 20% 


Sodium citrate (as QHsNagOy) 


3 


- 8% 


Sodium perborate (as NaB03.H20) 


4 


3s 


Bleach activator (e.g. NOBS or 

± r\dU } 


1 


- 5% 


Carboxymethyl cellulose 


0 


- 2% 


Polymers (e.g. polycarboxylate or 
PEG) 


1 


- 5% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


- 0 . 1% 


Minor ingredients (e.g. optical 
brightener , perfume ) 


0 


- 5% 



20 



10) An aqueous liquid detergent composition comprising 



Linear alkylbenzenesulf onate 
(calculated as acid) 


15 


- 23% 


Alcohol ethoxysulf ate (e.g. Ci2_i5 
alcohol, 2-3 EO) 


8 


- 15% 


Alcohol ethoxylate (e.g. C12-15 al- 
cohol, 7 EO, or C12-15 alcohol, 5 
EO) 


3 


- 9% 


Soap as fatty acid (e.g. lauric 
acid) 


0 


- 3% 


Aminoethanol 


1 


- 5% 


Sodium citrate 


5 


- 10% 


Hydrot rope (e.g. sodium 
toluensulf onate) 


2 


- 6% 


Borate (as B4O7) 


0 


- 2% 


Carboxymethylcellulose 


0 


- 1% 


Ethanol 


1 


- 3% 


Propylene glycol 


2 


- 5% 
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Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 0.1% 


Minor ingredients (e.g. polymers, 
dispersants, perfume, optical 
brighteners ) 


0 - 5% 


11) An aqueous liquid detergent composition comprising 


Linear alkylbenzenesulf onate 
(calculated as acid) 


20 - 32% 


Alcohol ethoxylate (e.g. Ci2_i5 alco- 
hol, 

7 EO, or Ci2.i5 alcohol, 5 EO) 


6 - 12% 


Aminoethanol 


2 - 6% 


Citric acid 


8 - 14% 


Borate (as B4O7) 


X - 3% 


Polymer (e.g. maleic/acrylic acid 
copolymer, anchoring polymer such 
as, e.g., lauryl 
methacrylate/acrylic acid 
copolymer) 


0 - 3% 


Glycerol 


3 - 8% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 0.1% 


Minor ingredients (e.g. hydro- 
tropes, dispersants, perfume, 
optical brighteners) 


0 - 5% 


12) A detergent composition formulated as a granulate havi 
a bulk density of at least 600 g/1 comprising 


Anionic surfactant (linear 
alkylbenzenesulf onate, alkyl sulfa- 
te, alpha-olefinsulf onate, alpha- 
sulfo fatty acid methyl esters, 
alkanesulf onates , soap) 


25 - 40% 


Nonionic surfactant (e.g. alcohol 
ethoxylate) 


1 - 10% 


Sodium carbonate (as NajCOg) 


8 - 25% 


Soluble silicates (as Na20, 2Si02) 


5 - 15% 


Sodium sulfate (as Na2S04) 


0 - 5% 


Zeolite (as NaAlSi04) 


15 - 28% 


Sodium perborate (as NaB03.4H20) 


0 - 20% 
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Bleach activator (TAED or NOBS) 


0 - 5% 


Enzymes (calculated as pure enzyme 
protein) 


0,0001 - 0.1% 


Minor ingredients (e.g. perfume, 
optical brighteners) 


0 - 3% 



13) Detergent formulations as described in 1) - 12) wherein all 
or part of the linear alkylbenzenesulf onate is replaced by (C12- 
Cig) alkyl sulfate. 

10 

14) A detergent composition formulated as a granulate having 
a bulk density of at least 600 g/1 comprising 



(Ci2"Ci8) alkyl sulfate 


9 


- 15% 


Alcohol ethoxylate 


3 


- 6% 


Polyhydroxy alkyl fatty acid amide 


1 


- 5% 


Zeolite (as NaAlSi04) 


10 


- 20% 


Layered disilicate (e.g. SK56 from 
Hoechst) 


10 


- 20% 


Sodium carbonate (as Na2C03) 


3 


- 12% 


Soluble silicate (as Na20,2Si02) 


0 


- 6% 


Sodium citrate 


4 


- 8% 


Sodium percarbonate 


13 


- 22% 


TAED 


3 


- 8% 


Polymers (e.g. polycarboxylates and 
PVP= 


0 


- 5% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


0 . 1% 


Minor ingredients (e.g. optical 
brightener, photo bleach, perfume, 
suds suppressors) 


0 


- 5% 



15) A detergent composition formulated as a granulate having 
35 a bulk density of at least 600 g/1 comprising 



(Ci2-Cig) alkyl sulfate 


4 - 8% 


Alcohol ethoxylate 


11 - 15% 



Si 



Soap 


J. 


4% 








Sodium carbonate (as Na2C03) 


2 


- 8% 


Soluble silicate (as Na20,2Si02) 


0 


- 4% 


Sodium percarbonate 


13 


- 22% 


TAED 


1 


- 8% 


Carboxymethyl cellulose 


u 




Polymers (e.g. polycarboxylates and 
PVP) 


0 


- 3% 


Enzymes (calculated as pure enzyme 
protein) 


0.0001 - 


0.1% 


Minor ingredients (e.g. optical 
brightener, phosphonate, perfume) 


0 


- 3% 



15 16) Detergent formulations as described in 1) - 15) which 
contain a stabilized or encapsulated peracid, either as an 
additional component or as a substitute for already specified 
bleach systems . 

20 17) Detergent compositions as described in 1), 3), 7), 9) and 
12) wherein perborate is replaced by percarbonate. 

18) Detergent compositions as described in 1) , 3) , 7) , 9) , 12) , 
14) and 15) which additionally contain a manganese catalyst. 

25 The manganese catalyst may, e.g., be one of the compounds 
described in "Efficient manganese catalysts for low- temperature 
bleaching", Nature 369, 1994, pp. 637-639. 

19) Detergent composition formulated as a nonaqueous detergent 
30 liquid comprising a liquid nonionic surfactant such as, e.g., 

linear alkoxylated primary alcohol, a builder system (e.g. 
phosphate), enzyme and alkali. The detergent may also comprise 
anionic surfactant and/or a bleach system. 

35 The Of- amylase variant of the invention may be incorporated in 
concentrations conventionally employed in detergents. It is at 
present contemplated that, in the detergent composition of the 
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invention, the o?- amylase may be added in an amount correspon- 
ding to 0.00001-1 mg (calculated as pure enzyme protein) of of- 
amylase per liter of wash liquor. 

5 Dishwashing Composition 

The dishwashing detergent composition comprises a surfactant 
which may be anionic, non- ionic, cat ionic, amphoteric or a 
mixture of these types. The detergent will contain 0-90% of 
non- ionic surfactant such as low- to non- foaming ethoxylated 

10 propoxylated straight-chain alcohols. 

The detergent composition may contain detergent builder salts 
of inorganic and/or organic types. The detergent builders may 
be subdivided into phosphorus -containing and non-phosphorus - 
containing types. The detergent composition usually contains 1- 

15 90% of detergent builders. 

Examples of phosphorus -containing inorganic alkaline detergent 
builders, when present, include the water-soluble salts 
especially alkali metal pyrophosphates, orthophosphates , and 
polyphosphates. An example of phosphorus -containing organic 

20 alkaline detergent builder, when present, includes the water- 
soluble salts of phosphonates . Examples of non-phosphorus - 
containing inorganic builders, when present, include water- 
soluble alkali metal carbonates, borates and silicates as well 
as the various types of water- insoluble crystalline or amor- 

25 phous alumino silicates of which zeolites are the best -known 
representatives . 

Examples of suitable organic builders include the alkali metal, 
ammonium and substituted ammonium, citrates, succinates, 
3 0 malonates, fatty acid sulphonates, carboxymetoxy succinates, 
ammonium polyacetates , carboxylates , polycarboxylates , amino- 
polycarboxylates , polyacetyl carboxylates and polyhy- 
droxsulphonates . 

35 Other suitable organic builders include the higher molecular 
weight polymers and co -polymers known to have builder prop- 
erties, for example appropriate polyacrylic acid, polymaleic 
and polyacrylic/polymaleic acid copolymers and their salts. 
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The dishwashing detergent composition may contain bleaching 
agents of the chlorine/bromine- type or the oxygen-type. 
Examples of inorganic chlorine/bromine- type bleaches are li- 
thium, sodium or calcium hypochlorite and hypobromite as well 
5 as chlorinated trisodium phosphate. Examples of organic chlo- 
rine/bromine-type bleaches are heterocyclic N-bromo and N- 
chloro imides such as trichloroisocyanuric , tribromoiso- 
cyanuric, dibromoisocyanuric and dichloroisocyanuric acids, and 
salts thereof with water-solubilizing cations such as potassium 
10 and sodium. Hydantoin compounds are also suitable. 

The oxygen bleaches are preferred, for example in the form of 
an inorganic persalt, preferably with a bleach precursor or as 
a peroxy acid compound. Typical examples of suitable peroxy 
15 bleach compounds are alkali metal perborates, both tetra- 
hydrates and monohydrates , alkali metal percarbonates , per- 
silicates and perphosphates . Preferred activator materials are 
TAED and glycerol triacetate. 

20 The dishwashing detergent composition of the invention may be 
stabilized using conventional stabilizing agents for the 
enzyme (s), e.g. a polyol such as e . g . propylene glycol, a sugar 
or a sugar alcohol, lactic acid, boric acid, or a boric acid 
derivative, e.g. an aromatic borate ester. 

25 

The dishwashing detergent composition of the invention may also 
contain other conventional detergent ingredients, e.g. 
deflocculant material, filler material, foam depressors, anti- 
corrosion agents, soil- suspending agents, sequestering agents, 
30 anti-soil redeposition agents, dehydrating agents, dyes, 
bactericides, fluorescers, thickeners and perfumes. 

Finally, the of-amylase variant of the invention may be used in 
conventional dishwashing detergents, e.g. in any of the 
35 detergents described in any of the following patent publica- 
tions : 

EP 518719, EP 518720, EP 518721, EP 516553, EP 516554, 
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EP 516555, GB 2200132, DE 3741617, DE 3727911, DE 4212166, 
DE 4137470, DE 3833047, WO 93/17089, DE 4205071, WO 52/09680, 
WO 93/18129, WO 93/04153, WO 92/06157, WO 92/08777, EP 429124, 
WO 93/21299, US 5141664, EP 561452, EP 561446, GB 2234980, 
5 WO 93/03129, EP 481547, EP 530870, EP 533239, EP 554943, 
EP 346137, US 5112518, EP 318204, EP 318279, EP 271155, 
EP 271156, EP 346136, GB 2228945, CA 2006687, WO 93/25651, 
EP 530635, EP 414197, US 5240632. 
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The figures 

All figures display a trace of the alpha carbons in the BA2 
hybrid amylase structure (blue) . The side chains of the 
5 catalytic residues; D231, E261, and D328 are shown in green 
indicating the location of the active site. 

Each of these figures display a ribbon representation of the 
most extensive substitution between Fungamyl (yellow ribbon) 
and BA2 (blue ribbon) as described in the examples: 

10 

Figl: loop2, Fungamyl-like a-amylase (as exemplified by the A. 
oryzae a-amylase): amino acids 66-84; Termamyl-like a-amylase 
(as exemplified by the B. amyloliquefac±ens(B. lichenlformls a- 
amylasehybrid) : 44-57; 

15 

Fig2 : loop3 limited alteration: Fungamyl-like a-amylase: amino 
acids 165-177; Termamyl-like a-amylase: Amino acids 195-202. 

Fig3 : loop3 complete domains , Fungamyl-like a-amylase: amino 
20 acids 117-185; Termamyl-like a-amylase: 98-210. 

Fig4: loopl minimal, Fungamyl-like a-amylase: amino acids 
28-42; Termamyl-like a-amylase: 12-19 

25 Fig5: loopl complete, Fungamyl-like a-amylase: amino acids 
13-45; Termamyl-like a-amylase: 7-23 

Fig6: loop8, Fungamyl-like a-amylase: amino acids 291-313; 
Termamyl-like a-amylase: 3 22-34 6. 

30 

Fig7. A closer view at loop3-domain B of the Termamyl-like a- 
amylase: the ribbon containing residues 98-210 (as shown on 
fig. 3) is shown. This domain is located between the end of 
beta strand3 (the top left hand corner of the figure close to 
35 the active site (green residues) ) and alpha helix three of 
domain A (containing the active site) . This domain consists 
mainly of Beta-sheet secondary structure elements as 
demonstrated on this ribbon representation. The two yellow 
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asterics indicate the position of the two Ca2+ atoms located at 
the interface between domain B and domain A. 
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SEQUENCE LISTING 

In the following SEQ ID Nos. 1, 3, 5 the 5', coding sequence 
and 3^ sequence of the relevant a-amylase genes are illus- 
5 trated. The 5' sequence is the first separate part of the sequ- 
ence written with lower case letters, the coding sequence is 
the intermediate part of the sequence, where the signal sequen- 
ce is written with lower case letters and the sequence encoding 
the mature a-amylase is written with upper case letters, and 
10 the 3 ' sequence is the third separate part of the sequence 
written with lower case letters. 

SEQ ID No. 1 

15 

cggaagattggaagtacaaaaataagcaaaagattgtcaatcatgtcatgagccatgcgg- 
gagacggaaaaatcgtctta atgcacgatatttatgcaacgttcgcagatgctgctgaa- 
gagattattaaaaagctgaaagcaaaaggctatcaattggt aactgtatctcagcttga- 
agaagtgaagaagcagagaggctattgaataaatgagtagaagcgccatatcggcgcttttc 
20 ttttggaagaaaatatagggaaaatggtacttgttaaaaattcggaatatttatacaacatc- 
atatgtttcacattgaaa ggggaggagaatc 

atgaaacaacaaaaacggctttacgcccgattgctgacgctgttatttgcgctcatcttctt- 
gctgc ctcattctgcagcagcggcgGCAAATCTTAATGGGACGCTGATGCAGTATTTT- 

25 GAATGGTACATGCCCAATGACGGCCAA CATTGGAGGCGTTTGCAAAACGACTCGGCATAT- 
TTGGCTGAACACGGTATTACTGCCGTCTGGATTCCCCCGGCATATAA GGGAACGAGC- 
CAAGCGGATGTGGGCTACGGTGCTTACGACCTTTATGATTTAGGGGAGTTTCATCAAAAAG- 
GGACGGTTC GGACAAAGTACGGCACAAAAGGAGAGCTGCAATCTGCGATCAAAAGTCTTC- 
ATTCCCGCGACATTAACGTTTACGGGGAT GTGGTCATCAACCACAAAGGCGGCGCTGA- 

3 0 TGCGACCGAAGATGTAACCGCGGTTGAAGTCGATCCCGCTGACCGCAACCG CGTAATTT- 
CAGGAGAACACCTAATTAAAGCCTGGACACATTTTCATTTTCCGGGGCGCGGCAGCACATA- 
CAGCGATTTTA AATGGCATTGGTACCATTTTGACGGAACCGATTGGGACGAGTCCCGAAA- 
GCTGAACCGCATCTATAAGTTTCAAGGAAAG GCTTGGGATTGGGAAGTTTCCAATGAA- 
AACGGCAACTATGATTATTTGATGTATGCCGACATCGATTATGACCATCCTGA TGTCGCAG- 

35 CAGAAATTAAGAGATGGGGCACTTGGTATGCCAATGAACTGCAATTGGACGGTTTCCGTCTT- 
GATGCTGTCA AACACATTAAATTTTCTTTTTTGCGGGATTGGGTTAATCATGTCAGGGA- 
AAAAACGGGGAAGGAAATGTTTACGGTAGCT G AAT ATTGG C AG AAT - 
GACTTGGGCGCGCTGGAAAACTATTTGAACAAAACAAATTTTAATCATTCAGTGTTTGAC- 



4394.000-DK - 1995-02-03 



So jir 



GTGCC GCTTCATTATCAGTTCCATGCTGCATCGACACAGGGAGGCGGCTATGATATGAG- 
GAAATTGCTGAACGGTACGGTCGTTT CCAAGCATCCGTTGAAATCGGTTACATTTGTCG- 
ATAACCATGATACACAGCCGGGGCAATCGCTTGAGTCGACTGTCCAA ACATGGTTTAAG- 
CCGCTTGCTTACGCTTTTATTCTCACAAGGGAATCTGGATACCCTCAGGTTTTCTACGGG- 
GATATGTA CGGGACGAAAGGAGACTCCCAGCGCGAAATTCCTGCCTTGAAACACAAAAT- 
TGAACCGATCTTAAAAGCGAGAAAACAGT ATGCGTACGGAGCACAGCATGATTATTTCGAC- 
CACCATGACATTGTCGGCTGGACAAGGGAAGGCGACAGCTCGGTTGCA AATTCAGGTTTGG- 
CGGCATTAATAACAGACGGACCCGGTGGGGCAAAGCGAATGTATGTCGGCCGGCA- 
AAACGCCGGTGA GACATGGCATGACATTACCGGAAACCGTTCGGAGCCGGTTGTCATCA- 
ATTCGGAAGGCTGGGGAGAGTTTCACGTAAACG GCGGGTCGGTTTCAATTTATGTTCAAA- 
GATAG 

aagagcagagaggacggatttcctgaaggaaatccgtttttttatttt 
SEQ ID No. 2 

ANLNGTLMQYFEWYMPNDGQHWRRLQNDSAYLAEHGITAV 
WIPPAYKGTSQADVGYGAYDLYDLGEFHQKGTVRTKYGTK 
GELQSAIKSLHSRDINVYGDWINHKGGADATEDVTAVEV 
DPADRNRVISGEHLIKAWTHFHFPGRGSTYSDFKWHWYHF 
DGTDWDESRKLNRIYKFQGKAWDWEVSNENGNYDYLMYAD 
IDYDHPDVAAEIKRWGTWYANELQLDGFRLDAVKHIKFSF 
LRDWVNHVREKTGKEMFTVAEYWQNDLGALENYLNKTNFN 
HSVFDVPLHYQFHAASTQGGGYDMRKLLNGTWSKHPLKS 
VTFVDNHDTQPGQSLESTVQTWFKPLAYAFILTRESGYPQ 
VFYGDMYGTKGDSQREIPALKHKIEPILKARKQYAYGAQH 
DYFDHHDIVGWTREGDSSVANSGIiAALITDGPGGAKRMYV 
GRQNAGETWHDITGNRSEPWINSEGWGEFHVNGGSVSIY 
VQR 



SEQ ID No. 3 

gccccgcacatacgaaaagactggctgaaaacattgagcctttgatgactgatgatttgg- 
ctgaagaagtggatcgattg tttgagaaaagaagaagaccataaaaataccttgtctigt- 
catcagacagggtattttttatgctgtccagactgtccgct gtgtaaaaataaggaata- 
aaggggggttgttattattttactgatatgtaaaatataatttgtataagaaaatgagaggg 
agaggaaac 
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5/ 



at:gattcaaaaacgaaagcggacagtt:t:cgttcagacttgtgctt:atgt:gcacgct:gt:t- 
atttgtcagttt gccgattacaaaaacatcagccGTAAATGGCACGCTGATGCAGTATT- 
TTGAATGGTATACGCCGAACGACGGCCAGCATT GGAAACGATTGCAGAATGATGCGGAA- 
CATTTATCGGATATCGGAATCACTGCCGTCTGGATTCCTCCCGCATACAAAGGA TTGAG- 
5 CCAATCCGATAACGGATACGGACCTTATGATTTGTATGATTTAGGAGAATTCCAGCAAAA- 
AGGGACGGTCAGAAC GAAATACGGCACAAAATCAGAGCTTCAAGATGCGATCGGCTCAC- 
TGCATTCCCGGAACGTCCAAGTATACGGAGATGTGG TTTTGAATCATAAGGCTGGTGCT- 
GATGCAACAGAAGATGTAACTGCCGTCGAAGTCAATCCGGCCAATAGAAATCAGGAA 
ACTTCGGAGGAATATCAAATCAAAGCGTGGACGGATTTTCGTTTTCCGGGCCGTGGAAAC- 

10 ACGTACAGTGATTTTAAATG GCATTGGTATCATTTCGACGGAGCGGACTGGGATGAATCCC- 
GGAAGATCAGCCGCATCTTTAAGTTTCGTGGGGAAGGAA AAGCGTGGGATTGGGAAGTAT- 
CAAGTGAAAACGGCAACTATGACTATTTAATGTATGCTGATGTTGACTACGACCACCCT 
GATGTCGTGGCAGAGACAAAAAAATGGGGTATCTGGTATGCGAATGAACTGTCATTAGACGG- 
CTTCCGTATTGATGCCGC CAAACATATTAAATTTTCATTTCTGCGTGATTGGGTTCAGG- 

15 CGGTCAGACAGGCGACGGGAAAAGAAATGTTTACGGTTG CGGAGTATTGGCAG- 
AATAATGCCGGGAAACTCGAAAACTACTTGAATAAAACAAGCTTTAATCAATCCGTGTTT- 
GATGTT CCGCTTCATTTCAATTTACAGGCGGCTTCCTCACAAGGAGGCGGATATGATAT- 
GAGGCGTTTGCTGGACGGTACCGTTGT GTCCAGGCATCCGGAAAAGGCGGTTACATTTGT- 
TGAAAATCATGACACACAGCCGGGACAGTCATTGGAATCGACAGTCC AAACTTGGTTTAA- 

20 ACCGCTTGCATACGCCTTTATTTTGACAAGAGAATCCGGTTATCCTCAGGTGTTCTATGGG- 
GATATG TACGGGACAAAAGGGACATCGCCAAAGGAAATTCCCTCACTGAAAGATAATATA- 
GAGCCGATTTTAAAAGCGCGTAAGGA GTACGCATACGGGCCCCAGCACGATTATATTGAC- 
CACCCGGATGTGATCGGATGGACGAGGGAAGGTGACAGCTCCGCCG CCAA- 
ATCAGGTTTGGCCGCTTTAATCACGGACGGACCCGGCGGATCAAAGCGGATGTATGCCGG- 

2 5 CCTGAAAAATGCCGGC GAGACATGGTATGACATAACGGGCAACCGTTCAGATACTGTAA- 
AAATCGGATCTGACGGCTGGGGAGAGTTTCATGTAAA CGATGGGTCCGTCTCCATTTAT- 
GTTCAGAAATAA 

ggtaataaaaaaacacctccaagctgagtgcgggtatcagcttgga ggtgcgtttattt- 
30 tttcagccgtatgacaaggtcggcatcaggtgtgacaaatacggtatgctggctgtcata- 
ggtgaca aatccgggttttgcgccgtttggctttttcacatgtctgatttttgtataat- 
caacaggcacggagccggaatctttcgc cttggaaaaataagcggcgatcgtagctgct- 
tccaatatggattgttcatcgggatcgctgcttttaatcacaacgtggg atcc 
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SEQ ID No. 4 

VNGTmQYFEWYTPNDGQHWKRLQNDAEHLSDIGITAVWi 
PPAYKGLSQSDNGYGPYDLYDLGEFQQKGTVRTKYGTKSE 
5 LQDAIGSLHSRNVQVYGDWLNHKAGADATEDVTAVEVNP 
ANRNQETSEEYQIKAWTDFRFPGRGNTYSDFKWHWYHFDG 
ADWDESRKISRIFKFRGEGKAWDWEVSSENGNYDYLMYAD 
VDYDHPDWAETKKWGIWYANELSLDGFRIDAAKHIKFSF 
LRDWVQAVRQATGKEMFTVAEYWQNNAGKLENYLNKTSFN 
10 QSVFDVPLHFNLQAASSQGGGYDMRRLLDGTWSRHPEKA 
VTFVENHDTQPGQSLESTVQTWFKPLAYAFILTRESGYPQ 
VFYGDMYGTKGTSPKEIPSLKDNIEPILKARKEYAYGPQH 
DYIDHPDVIGWTREGDSSAAKSGIiAALITDGPGGSKRMYA 
GLKNAGETWYDITGNRSDTVKIGSDGWGEFHVNDGSVSIY 

15 

SEQ ID No. 5 

aaattcgatattgaaaacgattacaaataaaaattataatagacgtaaacgttcgagggt- 
20 ttgctccctttttactcttt ttatgcaatcgtttcccttaattttttggaagccaaacc- 
gt:cgaatgtaacattt:gat:taagggggaagggcatt 

gtgct aacgtttcaccgcatcattcgaaaaggatggatgttcctgctcgcgtt- 
tttgctcactgtctcgctgttctgcccaacag gacagcccgccaaggctGCCGCACCGT- 

2 5 TTAACGGCACCATGATGCAGTATTTTGAATGGTACTTGCCGGATGATGGCACG TTATGG- 

ACCAAAGTGGCCAATGAAGCCAACAACTTATCCAGCCTTGGCATCACCGCTCTTTGGCTG- 
CCGCCCGCTTACAA AGGAACAAGCCGCAGCGACGTAGGGTACGGAGTATACGACTTGTA- 
TGACCTCGGCGAATTCAATCAAAAAGGGACCGTCC GCACAAAATACGGAACAAAAGCTC- 
AATATCTTCAAGCCATTCAAGCCGCCCACGCCGCTGGAATGCAAGTGTACGCCGAT GTC- 
30 GTGTTCGACCATAAAGGCGGCGCTGACGGCACGGAATGGGTGGACGCCGTCGAAGTCAAT- 
CCGTCCGACCGCAACCA AGAAATCTCGGGCACCTATCAAATCCAAGCATGGACGAAATT- 
TGATTTTCCCGGGCGGGGCAACACCTACTCCAGCTTTA AGTGGCGCTGGTACCATTTTG- 
ACGGCGTTGATTGGGACGAAAGCCGAAAATTGAGCCGCATTTACAAATTCCGCGGCATC 
GGCAAAGCGTGGGATTGGGAAGTAGACACGGAAAACGGAAACTATGACTACTTAATGTAT- 

3 5 GCCGACCTTGATATGGATCA TCCCGAAGTCGTGACCGAGCTGAAAAACTGGGGGAAATG- 

GTATGTCAACACAACGAACATTGATGGGTTCCGGCTTGATG CCGTCAAGCATATTAAGT- 
TCAGTTTTTTTCCTGATTGGTTGTCGTATGTGCGTTCTCAGACTGGCAAGCCGCTATTTACC 
GTCGGGGAATATTGGAGCTATGACATCAACAAGTTGCACAATTACATTACGAAAACAGAC- 
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GGAACGATGTCTTTGTTTGA TGCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAG- 
GGGGCGCATTTGATATGCGCACGTTAATGACCAATACTC TCATGAAAGATCAAC- 
CGACATTGGCCGTCACCTTCGTTGATAATCATGACACCGAACCCGGCCAAGCGC- 
TGCAGTCATGG GTCGACCCATGGTTCAAACCGTTGGCTTACGCCTTTATTCTAACTCGG- 
5 CAGGAAGGATACCCGTGCGTCTTTTATGGTGA CTATTATGGCATTCCACAATATAACAT- 
TCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGATTATG CTTACG- 
GAACGCAACATGATTATCTTGATCACTCCGACATCATCGGGTGGACAAGGGAAGGGGGCA- 
CTGAAAAACCAGGA TCCGGACTGGCCGCACTGATCACCGATGGGCCGGGAGGAAGCAAA- 
TGGATGTACGTTGGCAAACAACACGCTGGAAAAGT GTTCTATGACCTTACCGGCAACCG- 
10 GAGTGACACCGTCACCATCAACAGTGATGGATGGGGGGAATTCAAAGTCAATGGCG GTT- 
CGGTTTCGGTTTGGGTTCCTAGAAAAACGACCGTTTCTACCATCGCTCGGCCGATCACAA- 
CCCGACCGTGGACTGGT GAATTCGTCCGTTGGACCGAACCACGGTTGGTGGCATGGCCTTGA 

tgcctgcga 

15 

SEQ ID No. 6 

AAPFNGTMMQYFEWYLPDDGTLWTKVANEANNLSSLGITA 
20 LWLPPAYKGTSRSDVGYGVYDLYDLGEFNQKGTVRTKYGT 

KAQYLQAIQAAHAAGMQVYADWFDHKGGADGTEWVDAVE 

VNPSDRNQEISGTYQIQAWTKFDFPGRGNTYSSFKWRWYH 

FDGVDWDESRKLSRIYKFRGIGKAWDWEVDTENGNYDYIiM 

YADLDMDHPEWTELKNWGKWYVNTTNIDGFRLDAVKHIK 
25 FSFFPDWLSYVRSQTGKPLFTVGEYWSYDINKLHNYITKT 

DGTMSLFDAPLHNKFYTASKSGGAFDMRTLMTNTIiMKDQP 

TLAVTFVDNHDTEPGQALQSWVDPWFKPLAYAFILTRQEG 

YPCVFYGDYYGIPQYNIPSLKSKIDPLLIARRDYAYGTQH 

DYLDHSDIIGWTREGGTEKPGSGLAALITDGPGGSKWMYV 
30 GKQHAGKVFYDLTGNRSDTVTINSDGWGEFKVNGGSVSVW 

VPRKTTVSTIARPITTRPWTGEFVRWTEPRLVAW 

SEQ ID No. 7 

35 

is the DNA sequence shown in Fig. 8 

SEQ ID No. 8 
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is the amino acid sequence shown in Fig. 8 





SEQ 


ID No. 10 






5 


1 


ATPADWRSQS 


lYFLLTDRFA 


RTDGSTTATC 




31 


NTADQKYCGG 


TWQGIIDKLD 


YIQGMGFTAI 




61 


WITPVTAQLP 


QTTAYGDAYH 


GYWQQDIYSL 




91 


NENYGTADDL 


KALSSALHER 


GMYLMVDWA 




121 


NHMGYDGAGS 


SVDYSVFKPF 


SSQDYFHPFC 


10 


151 


FIQNYEDQTQ 


VEDCWLGDNT 


VSLPDLDTTK 




181 


DWKNEWYDW 


VGSLVSNYSI 


DGLRIDTVKH 




211 


VQKDFWPGYN 


KAAGVYCIGE 


VLDGDPAYTC 




241 


PYQNVMDGVL 


NYPIYYPLLN 


AFKSTSGSMD 




271 


DLYNMINTVK 


SDCPDSTLLG 


TFVENHDNPR 


15 


301 


FASYTNDIAL 


AKNVAAFIIL 


NDGIPIIYAG 




331 


QEQHYAGGND 


PANREATWLS 


GYPTDSELYK 




361 


LIASANAIRN 


YAISKDTGFV 


TYKNWPIYKD 




391 


DITIAMRKGT 


DGSQIVTIIiS 


NKGASGDSYT 




421 


LSLSGAGYTA 


GQQLTEVIGC 


TTVTVGSDGN 


20 


451 


VPVPMAGGLP 


RVLYPTEKLA 


GSKICSSS 
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55^ 

CLAIMS 

1. A method of constructing a variant of a parent Termamyl-like 
a-amylase, which variant has a-amylase activity and one or more 

5 altered properties as compared to said parent a-amylase, which 
method comprises 

i) comparing the three-dimensional structure of the Termamyl- 
like a-amylase with the structure of a non-Termamyl-like a- 
amylase, 

10 ii) identifying a part of the Termamyl-like a-amylase structure 
which is different from the non-Termamyl-like a-amylase 
structure and which from structural/functional considerations 
is contemplated to be responsible for differences in one or 
more properties of the Termamyl-like and non-Termamyl-like a- 

15 amylase, and 

iii) modifying the part of the Termamyl-like a-amylase 
identified in ii) whereby a Termamyl-like a-amylase variant is 
obtained, one or more properties of which differ from the 
parent Termamyl-like a-amylase. 

20 

2. The method according to claim 1, wherein, in step iii), the 
part of the Termamyl-like a-amylase is modified so as to 
ressemble the corresponding part of the non-Termamyl-like a- 
amy lase • 

25 

3. The method according to claim 1 or 2 , wherein, in step iii), 
the modification is accomplished by deleting one or more amino 
acid residues of the part of the Termamyl-like a-amylase to be 
modified; by replacing one or more amino acid residues of the 

30 part of the Termamyl-like a-amylase to be modified with the 
amino acid residues occupying corresponding positions in the 
non-Termamyl-like a-amylase; or by insertion of one or more 
amino acid residues present in the non-Termamyl-like a-amylase 
into a corresponding position in the Termamyl-like a-amylase. 

35 

4. The method according to any of claims 1-3, wherein the 
modification of step iii) is accomplished by means of 
modification of the DNA sequence encoding the parent a-amylase. 
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5. The method according to any of claims 1-4, wherein the non- 
Teirmamyl-like a-amylase structure is the structure of a fungal 
a-amylase or a mammalian a-amylase. 

5 6. The method according to claim 5, wherein the non-Termamyl- 
like a-amylase is the Aspergillus oryzae TAKA a-amylase, the A. 
nigrer acid a-amylase, the Bacillus subtilis a-amylase or the 
pig pancretic a-amylase • 

10 7. The method according to any of claims 1-6, wherein the 
parent Termamyl-like a-amylase is derived from a strain of 
Bacillus . 

8. The method according to Claim 7, wherein the parent a- 
15 amylase is derived from a strain of a B. licheniformis, B. amy- 
loliquefaciens, B. stearothermophilus or a strain from an 
alkalophilic Bacillus sp. such as NCIB 12289, NCIB 12512 or 
NCIB12513. 

20 9. The method according to any of claims 1-8, wherein the 
parent a-amylase is a hybrid a-amylase comprising a combination 
of partial amino acid sequences derived from at least two 
a-amylases, of which one is a Termamyl-like a-amylase and the 
other(s) are, e.g., from a microbial and/or a mammalian a- 

25 amylase. 

10. The method according to Claim 9, wherein the parent a- 
amylase comprises a combination of at least one Termamyl-like 
a-amylase, e.g. two Termamyl-like a-amylases or one Termamyl- 

30 like and one non-Termamyl-like bacterial a-amylase or of at 
least one Termamyl-like and one fungal a-amylase. 

11. The method according to Claim 10, wherein the parent a- 
amylase comprises a C-terminal part of an a-amylase derived 

35 from a strain of B. licheniformis and a N-terminal part of an 
a-amylase derived from a strain of B. amyloliquefaciens or from 
a strain of B. stearothermophilus • 
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12. The method according to any of claims 1-11, wherein the 
part of the parent Termamyl-like a-amylase to be modified and 
identified in step ii) is loop 1, loop 2, loop 3 and/or loop 8 
of the parent a-amylase. 

5 

13. The method according to any of the preceeding claims, in 
which the a-amylase variant is obtained by cultivating a 
microorganism comprising a DNA sequence encoding the variant 
under conditions which are conducive for producing the variant, 

10 and optionally subsequently recovering the variant from the 
resulting culture broth. 

14. The method according to any of the preceeding claims, 
wherein the properties to be altered include substrate 

15 specificity, temperature stability, pH dependent activity, 
stability towards oxidation, Ca^"^ -dependency , specific activity 
and/or cleavage pattern. 

15. A variant of a parent Termamyl-like a-amylase, in which 
20 variant at least one of amino acid residue of the parent a- 

amylase, which is /are present in a fragment corresponding to 
the amino acid fragment 44-57 of the amino acid sequence of SEQ 
ID No. 4, has been deleted or replaced with one or more amino 
acid residues which is/are present in a fragment corresponding 
25 to the amino acid fragment 66-84 of the amino acid sequence 
shown in SEQ ID No. 10, or in which one or more additional 
amino acid residues has been added using the relevant part of 
SEQ ID No. 10 or a corresponding part of another Fungamyl-like 
a-amylase as a template. 

30 

16. The variant according to claim 15, in which an amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 44-57 of SEQ ID No. 4, has 
been replaced with an amino acid fragment Z-V, which 

35 corresponds to or is within the amino acid fragment 66-84 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 
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X is an amino acid residue corresponding to the amino acid 
occupying position 44, 45, 46, 47 or 48 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
5 occupying position 51, 52, 53, 54, 55, 56 or 57 of SEQ ID No. 

4, 

Z is an amino acid residue corresponding to the amino acid 
occupying position 66, 67, 68, 69 or 70 of SEQ ID No. 10, and 

10 

V is an amino acid residue corresponding to the amino acid 
occupying position 78, 79, 80, 81, 82, 83 or 84 of SEQ ID No. 
10. 

15 17. The variant according to claim 15 or 16, in which the amino 
acid fragment of the parent a-amylase, which corresponds to 
amino acid residues 48-51 of SEQ ID No. 4, has been replaced 
with an amino acid fragment corresponding to amino acid 
residues 70-78 of the amino acid sequence shown in SEQ ID No. 

20 10 . 

18. A variant of a parent Termamyl-like a-amylase, in which 
variant at least one of the amino acid residues of the parent 

25 a-amylase, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment 195-2 02 of the amino 
acid sequence of SEQ ID No. 4, has been deleted or replaced 
with one or more of the amino acid residues which is/are 
present in an amino acid fragment corresponding to the amino 

30 acid fragment 165-177 of the amino acid sequence shown in SEQ 
ID No. 10, or in which one or more additional amino acid 
residues has been added using the relevant part of SEQ ID No. 
10 or a corresponding part of another Fungamyl-like a-amylase 
as a template. 

35 

19. The variant according to claim 18, in which an amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 195-202 of SEQ ID No. 4, has 
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been replaced with an amino acid fragment 2-V, which 
corresponds to or is within the amino acid fragment 165-177 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant, in which 

5 

X is an amino acid residue corresponding to the amino acid 
occupying position 195 or 196 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
10 occupying position 198, 199, 2 00, 2 01, or 2 02 of SEQ ID No. 4, 



Z is an amino acid residue corresponding to the amino acid 
occupying position 165 or 166 of SEQ ID No. 10, and 

15 

V is an amino acid residue corresponding to the amino acid 
occupying position 173, 174, 175, 17 6 or 177 of SEQ ID No. 10. 

20. The variant according to claim 18 or 19, in which the amino 
20 acid fragment of the parent a-amylase, which corresponds to 

amino acid residues 196-198 of SEQ ID No. 4, has been replaced 
with the amino acid fragment corresponding to amino acid 
residues 166-173 of the amino acid sequence shown in SEQ ID No. 
10. 

25 

21. A variant of a parent Termamyl-like a-amylase, in which 
variant at least one of the amino acid residues of the parent 
a-amylase, which is/are present in a fragment corresponding to 
the amino acid fragment 117-185 of the amino acid sequence of 

30 SEQ ID No. 4, has/have been deleted or replaced with one or 
more of the amino acid residues, which is/are present in an 
amino acid fragment corresponding to the amino acid fragment 
98-210 of the amino acid sequence shown in SEQ ID No. 10, or in 
which one or more additional amino acid residues has been added 

35 using the relevant part of SEQ ID No. 10 or a corresponding 
part of another Fungamyl-like a-amylase as a template. 
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22. The variant according to claim 21, in which an amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 117-185 of SEQ ID No. 4, has 
been replaced with an amino acid fragment Z-V, which 

5 corresponds to or is within the amino acid fragment 98-210 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

X is an amino acid residue corresponding to the amino acid 
10 occupying position 117, 118, 119, 12 0 or 121 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
occupying position 181, 182, 183, 184 or 185 of SEQ ID No. 4, 

15 

Z is an amino acid residue corresponding to the amino acid 
occupying position 98, 99, 100, 101, 102 of SEQ ID No, 10, and 

V is an amino acid residue corresponding to the amino acid 
20 occupying position 206, 207, 208, 209 or 210 of SEQ ID No. 10. 

23. The variant according to claim 21 or 22, in which an. amino 
acid fragment of the parent a-amylase, which corresponds to 
amino acid residues 121-181 of SEQ ID No. 4, has been replaced 

25 with the amino acid fragment corresponding to amino acid 
residues 102-2 06 of the amino acid sequence shown in SEQ ID No. 
10. 

24. A variant of a parent Termamyl-like a-amylase, in which 
30 variant at least one of the amino acid residues of the parent 

a-amylase, which is/are present in a fragment corresponding to 
the amino acid fragment 117-181 of the amino acid sequence of 
SEQ ID No. 4, has/have been deleted or replaced with one or 
more of the amino acid residues, which is/are present in an 
35 amino acid fragment corresponding to the amino acid fragment 
to 98-206 of the amino acid sequence shown in SEQ ID No. 10, 
or in which one or more additional amino acid residues has been 
added using the relevant part of SEQ ID No. 10 or a 
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corresponding part of another Fungamyl-like a-amylase as a 
template. 

25. The variant according to claim 24, in which the amino acid 
5 fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 117-177 if SEQ ID No. 4, 
has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 98-2 02 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
10 variant 

X is an amino acid residue corresponding to the amino acid 
occupying position 117, 118, 119, 12 0 or 121 of SEQ ID No. 4, 

15 

Y is an amino acid residue corresponding to the amino acid 
occupying position 174, 175, 176 or 177 of SEQ ID No. 4, 

Z is an amino acid residue corresponding to the amino acid 
20 occupying position 98, 99, 100, 101, 102 of SEQ ID No. 10, and 

V is an amino acid residue corresponding to the amino acid 
occupying position 199, 200, 201 or 202 of SEQ ID No. 10. 

25 26. The variant according to claim 24 or 25, in which the amino 
acid fragment of the parent a-amylase, which corresponds to 
amino acid residues 121-174 of SEQ ID No. 4, has been replaced 
with the amino acid fragment corresponding to amino acid 
residues 102-199 of the amino acid sequence shown in SEQ ID No. 

30 10. 

27. A variant of a parent Termamyl-like a-amylase, in which 
variant at least one of the amino acid residues of the parent 
a-amylase, which is/are present in an amino acid fragment 
35 corresponding to the amino acid fragment 12-19 of the amino 
acid sequence of SEQ ID No. 4, has/have been deleted or 
replaced with one or more of the amino acid residues, which 
is /are present in an amino acid fragment which corresponds to 
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the amino acid fragment 28-42 of SEQ ID No. 10, or in which one 
or more additional amino acid residues has/have been inserted 
using the relevant part of SEQ ID No. 10 or a corresponding 
part of another Fungamyl-like a-amylase as a template. 

5 

28. The variant according to claim 27, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 12-19 of SEQ ID No. 4, 
has/have been replaced with an amino acid fragment Z-V, which 

10 corresponds to or is within the amino acid fragment 28-42 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

X is an amino acid residue corresponding to the amino acid 
15 occupying position 12, 13 or 14 of SEQ ID No. 4, 

Y is an amino acid residue corresponding to the amino acid 
occupying position 15, 16, 17, 18 or 19 of SEQ ID No. 4, 

20 Z is an amino acid residue corresponding to the amino acid 
occupying position 28, 29, 30 , 31 or 32 of SEQ ID No. 10, and 

V is an amino acid residue corresponding to the amino acid 
occupying position 38, 39, 40, 41 or 42 of SEQ ID No. 10. 

25 

29. The variant according to claim 27 or 28, in which the amino 
acid fragment of the parent a-amylase, which corresponds to 
amino acid residues 14-15 of SEQ ID No. 4, has been replaced 
with the amino acid fragment corresponding to amino acid 

30 residues 32-38 of the amino acid sequence shown §a SEQ ID No. 
10. 

30. A variant of a parent Termamyl-like a-amylase, in which 
variant at least one of the amino acid residues of the parent 

35 a-amylase, which is present in a fragment corresponding to 
amino acid residues 7-23 of the amino acid sequence of SEQ ID 
No. 4, has/have been deleted or replaced with one or more amino 
acid residues, which is/are present in an amino acid fragment 
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corresponding to amino acid residues 13-45 of the amino acid 
sequence shown in SEQ ID No, 10, or or in which one or more 
additional amino acid residues has/have been inserted using the 
relevant part of SEQ ID No. 10 or a corresponding part of 
5 another Fungamyl-like a-amylase as a template. 

31. The variant according to claim 30, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 7-23 of SEQ ID No. 4, 

10 has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 13-45 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

15 X is an amino acid residue corresponding to the amino acid 
occupying position 7 or 8 of SEQ ID No. 4, 

y is an amino acid residue corresponding to the amino acid 
occupying position 18, 19, 20, 21, 22 or 2 3 of SEQ ID No. 4, 

20 

Z is an amino acid residue corresponding to the amino acid 
occupying position 13 or 14 of SEQ ID No. 10, and 

V is an amino acid residue corresponding to the amino acid 
25 occupying position 40, 41, 42, 43, 44 or 45 of SEQ ID No. 10. 

32. The variant according to claim 30 or 31, in which the amino 
acid fragment of the parent a-amylase, which corresponds to 
amino acid residues 8-18 of SEQ ID No. 4, has been replaced 

30 with the amino acid fragment corresponding to amino acid 
residues 14-4 0 of the amino acid sequence shown in SEQ ID No. 
10. 

33. A variant of a parent Termamyl-like a-amylase, in which 
35 variant at least one of the amino acid residues of the parent 

a-amylase, which is present in a fragment corresponding to 
amino acid residues 322-34 6 of the amino acid sequence of SEQ 
ID No. 2, has/have been deleted or replaced with one or more 
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amino acid residues, which is/are present in an amino acid 
fragment corresponding to amino acid residues 291-313 of the 
amino acid sequence shown in SEQ ID No. 10, or or in which one 
or more additional amino acid residues has/have been inserted 
5 using the relevant part of SEQ ID No. 10 or a corresponding 
part of another Fungamyl-like a-amylase as a template. 

34. The variant' according to claim 33, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
10 is within the amino acid fragment 322-346 of SEQ ID No. 2, 
has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 291-313 of 
the amino acid sequence shown in SEQ ID No. 10, in which 
variant 

15 

X is an amino acid residue corresponding to the amino acid 
occupying position 322, 323, 324 or 325 of SEQ ID No. 2, 



Y is an amino acid residue 
20 occupying position 343, 344, 

Z is an amino acid residue 
occupying position 291, 292, 

25 V is an amino acid residue 
occupying position 310, 311, 



corresponding to the amino acid 
345 or 346 of SEQ ID No. 2, 

corresponding to the amino acid 
293 or 294 of SEQ ID No. 10, and 

corresponding to the amino acid 
312 or 313 of SEQ ID No. 10. 



35. The variant according to claim 33 or 34, in which the amino 
acid fragment of the parent a-amylase, which corresponds to 
30 amino acid residues 325-345 of SEQ D No. 2, has been replaced 
with the amino acid fragment corresponding to amino acid 
residues 294-313 of the amino acid sequence shown in SEQ ID No. 
10. 

35 36. A variant of a parent Fungamyl-like a-amylase, in which 
variant at least one of the amino acid residues of the parent 
a-amylase, which is/are present in an amino acid fragment 
corresponding to amino acid residues 2 91-313 of the amino acid 
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sequence of SEQ ID No. 10, has/have been deleted or replaced 
with one or more of the amino acid residues, which is/are 
present in an amino acid fragment corresponding to amino acid 
residues 98-210 of the amino acid sequence shown in SEQ ID No. 
5 4, or in which one or more additional amino acid residues 
has/have been inserted using the relevant part of SEQ ID No. 4 
or a corresponding part of another Termamyl-like a-amylase as 
a template. 

10 37. The variant according to claim 36, in which the amino acid 
fragment X-Y of the parent a-amylase, which corresponds to or 
is within the amino acid fragment 117-185 of SEQ ID No. 10, 
has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragment 98-210 of 

15 the amino acid sequence shown in SEQ ID No. 4, in which variant 

X is an amino acid residue corresponding to the amino acid 
occupying position 117, 118, 119, 120 or 121 of SEQ ID No. 10, 

20 

Y is an amino acid residue corresponding to the amino acid 
occupying position 181, 182, 183, 184 or 185 of SEQ ID No. 10, 

25 Z is an amino acid residue corresponding to the amino acid 
occupying position 98, 99, 100, 101 or 102 of SEQ ID No. 4, and 

V is an amino acid residue corresponding to the amino acid 
occupying position 206, 207, 208, 209 or 210 of SEQ ID No. 4. 

30 

38. The variant according to claim 36 or 37, in which the amino 
acid fragment of the parent a-amylase, which corresponds to 
amino acid residues 121-181 of SEQ ID No. 10, has been replaced 
with the amino acid fragment corresponding to amino acid 
35 residues 102-206 of the amino acid sequence shown in SEQ ID No. 
4. 
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39. A variant according to any of claims 36-38, in which the 
the amino acid fragment of the parent a-amylase, which 
corresponds to amino acid residues 121-174 of SEQ ID No. 10, 
has been replaced with the amino acid fragment corresponding to 

5 amino acid residues 102-199 of the amino acid sequence shown in 
SEQ ID No. 4. 

40. A variant of a parent Fungamyl-like a-amylase, in which an 
amino acid fragment corresponding to amino acid residues 181- 

10 184 of the amino acid sequence shown in SEQ ID No. 10 has been 
deleted. 

41. The variant according to any of claims 15-40, wherein one 
or more proline residues present in the amino acid residues 

15 with which the parent a-amylase is modified are replaced with 
a non-proline residue such as alanine. 

42. The variant according to any of claims 15-41, wherein one 
or more cysteine residues present in the amino acid residues 

20 with which the parent a-amylase is modified are replaced with 
a non-cysteine residue such as alanine. 

43. A DNA construct comprising a DNA sequence encoding an a- 
amylase variant according to any of claims 15-42. 

25 

44. A recombinant expression vector which carries a DNA con- 
struct according to Claim 43. 

45. A cell which is transformed with a DNA construct according 
30 to Claim 43 or a vector according to Claim 44. 

46. A cell according to Claim 45, which is a microorganism. 

47. A cell according to Claim 46, which is a bacterium or a 
35 fungus. 

48. The cell according to Claim 47, which is a grampositive 
bacterium such as Bacillus subtilis, Bacillus licheniformis , 
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Bacillus lentus, Bacillus brevis , Bacillus stearothermophilus , 
Bacillus alkalophilus , Bacillus amyloliquefaciens, Bacillus 
coagulans, Bacillus circulans , Bacillus lautus or Bacillus thu- 
ringiensis . 

5 

49. Use of an a-aitiylase variant according to any of claims 15- 
42 for washing and/or dishwashing. 

50. Use of an a-amylase variant according to any of claims 15- 
10 42 for desizing. 

51. Use of an a-amylase variant according to any of claims 15- 
42 for starch liquefaction. 

15 52. A detergent additive comprising an a-amylase variant accor- 
ding to any of claims 15-42, optionally in the form of a non- 
dusting granulate, stabilised liquid or protected enzyme. 

53. A detergent additive according to Claim 52 which contains 
20 0.02-200 mg of enzyme protein/g of the additive. 

54. A detergent additive according to Claim 52 or 53, which 
additionally comprises another enzyme such as a protease, a 
lipase, a peroxidase, another amylolytic enzyme and/ or a 

25 cellulase. 

55. A detergent composition comprising an a-amylase variant ac- 
cording to any of claims 15-42. 

30 56. A detergent composition according to Claim 55 which addi- 
tionally comprises another enzyme such as a protease, a lipase, 
a peroxidase, another amylolytic enzyme and/or a cellulase. 

57. A manual or automatic dishwashing detergent composition 
35 comprising an a-amylase variant according to any of claims 15- 
42 . 
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58. A dishwashing detergent composition according to Claim 57 
which additionally comprises another enzyme such as a protease, 
a lipase, a peroxidase, another amylolytic enzyme and/or a 
cellulase. 

5 

59. A manual or automatic laundry washing composition 
comprising an a-amylase variant according to any of claims 15- 
42. 

10 60. A laundry washing composition according to Claim 59, which 
additionally comprises another enzyme such as a protease, a 
lipase, a peroxidase, an amylolytic enzyme and/ or a cellulase. 
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1 

CAT CAT AAT GGA ACA AAT GGT ACT ATG ATG 
HHNGTNGTMM 

21 

GGG AAT CAT TGG AAC AGG TTG AGG GAT GAC 
GNHWNRLRD D 

41 

GCT GTA TGG ATC CCA CCT GCA TGG AAG GGG 
AVWIPPAWKG 

61 

TAT GAT TTA TAT GAT CTT GGA GAG TTT AAC 
y D L Y D L G E F N 

81 

ACA CGC AAC CAG CTA CAG GCT GCG GTG ACC 
TR NQLQAAVT 

101 

GGT GAT GTC GTC ATG AAT CAT AAA GGT GGA 
GDVV MNHKGG 

121 

GAA GTG AAT CGG AGC AAC CGA AAC CAG GAA 
EVNRSNRNQE 

141 

ACA AAG TTT GAT TTT CCT GGA AGA GGA AAT 
TKFDFPGRGN 

161 

CAT TTT GAT GGG ACA GAT TGG GAT CAG TCA 
HFDGTDWDQS 

181 

AGG GGA ACA GGC AAG GCC TGG GAC TGG GAA 
RGTGKAWDWE 

201 

CTT ATG TAT GCA GAC GTG GAT ATG GAT CAC 
LMYADVDMDH 

221 

GGA GTG TGG TAT ACG AAT ACA CTG AAC CTT 
GVWYTNTLNL 

241 

ATA AAA TAT AGC TTT ACG AGA GAT TGG CTT 
IKYS FTRDWL 

261 

ATG TTT GCA GTG GCT GAG TTT TGG AAA AAT 
MFAVAEFWKN 

281 

AAA ACA AGT TGG AAT CAC TCG GTG TTT GAT 
KTSWNHSVFD 




CAA TAT TTC GAA TGG TAT TTG CCA AAT GAC 
QYFEWYLPN D 



GCA GCT AAC TTA AAG AGT AAA GGG ATA ACA 
AANL KSKGIT 



ACT TCC CAG AAT GAT GTA GGT TAT GGA GCC 
TSQNDVGYGA 



CAG AAG GGG ACG GTT CGT ACA AAA TAT GGA 
QK GTVRTKYG 



TCT TTA AAA AAT AAC GGC ATT CAG GTA TAT 
S L K N N G I Q V 'Y 



GCA GAT GGT ACG GAA ATT GTA AAT GCG GTA 
ADGTEIVNAV 



ACC TCA GGA GAG TAT GCA ATA GAA GCG TGG 
TSGEYAIEAW 



AAC CAT TCC AGC TTT AAG TGG CGC TGG TAT 
NHS SFKWRWY 



CGC CAG CTT CAA AAC AAA ATA TAT AAA TTC 
RQLQN KIYKF 



GTC GAT ACA GAG AAT GGC AAC TAT GAC TAT 
VDTENGNYDY 



CCA GAA GTA ATA CAT GAA CTT AGA AAC TGG 
PEVIHELRNW 



gat gga ttt aga ata gat gca gtg aaa cat 
dgfridav'kh 



ACA CAT GTG CGT AAC ACC ACA GGT AAA CCA 
THVRNTTGKP 



GAC CTT GGT GCA ATT GAA AAC TAT TTG AAT 
DLGAI ENYLN 



GTT CCT CTC CAC TAT AAT TTG TAC AAT GCA 
VPLHYNLYNA 



301 

TCT AAT AGC GGT GOT TAT TAT GAT ATG AGA AAT ATT TTA AAT GGT TCT GTG GTG CAA AAA 
SN S GGYY DMRN I LNG SVVQ K 

321 

CAT CCA ACA CAT GCC GTT ACT TTT GTT GAT AAC CAT GAT TCT CAG CCC GGG GAA GCA TTG 
HPTHAVTFVDNHDSQPGEAL 



GAA TCC TTT GTT CAA CAA TGG TTT AAA CCA CTT GCA TAT GCA TTG GTT CTG ACA AGG GAA 
ESFVQQWFKPLAYALVLTRE 

361 

CAA GGT TAT CCT TCC GTA TTT TAT GGG GAT TAC TAG GGT ATC CCA ACC CAT GGT GTT CCG 
Q GYPSVFYGDYYGIPTH GVP 

381 

GCT ATG AAA TCT AAA ATA GAC CCT CTT CTG CAG GCA CGT CAA ACT TTT GCC TAT GGT ACG 
AMKSKIDPLLQARQT FAY G' T 

401 

CAG CAT GAT TAC TTT GAT CAT CAT GAT ATT ATC GGT TGG ACA AGA GAG GGA AAT AGC TCC 
QHDYFDHHDIIGWTREGNSS 

421 

CAT CCA AAT TCA GGC CTT GCC ACC ATT ATG TCA GAT GGT CCA GGT GGT AAC AAA TGG ATG 
HPNSGLATIMSDGPGGNKWM 

441 

TAT GTG GGG AAA AAT AAA GCG GGA CAA GTT TGG AGA GAT ATT ACC GGA AAT AGG ACA GGC 
YVGKNKAGQVWRDITGNRTG 

261 

ACC GTC ACA ATT AAT GCA GAC GGA TGG GGT AAT TTC TCT GTT T^T GGA GGG TCC GTT TCG 
TVTINADGWGNFSVNGGSVS 

481 

GTT TGG GTG AAG CAA TAA 
V W V K Q * 



341 
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